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INTRODUCTION 


An electro-chemical generator, or electric cell as it is 
usually called, is a device for the conversion of the potential 
energy of chemical separation into the energy of an electric 
current. 

If a plate of zinc be immersed in dilute sulphuric acid, 
chemical action occurs, the zine is dissolved, forming sul- 
phate of zinc, which remains in solution, and hydrogen is 
liberated and escapes. This is a case of simple chemical 
action, and the energy given out appears principally in the 
form of heat. If the displacement of the hydrogen by the 
zine occurs under somewhat less simple conditions, a greater 
part of the energy developed may be made to appear in 
the form of an electric current. Thus, if a plate of zine 
and one of copper be placed in dilute acid, care being taken 
that those parts immersed in the solution do not touch, 
and if the outer ends be joined by an electric conductor, 
it will be found that an electric current is developed which 
appears to flow from the copper to the zinc plate. Such 
an arrangement constitutes a simple voltaic cell. 

Voltaic electric cells may be divided into two distinct 
types—viz. Primary and Secondary. In a primary cell the 
electrical energy is. developed by the direct chemical de- 
composition of the excitant or electrolyte, and of one or 
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both of its elements, the magnitude and rate of such elec- 
trical development being chiefly dependent upon the 
chemical activity of the materials employed. A secondary 
storage, or accumulator cell is the name given to: that 
particular class of apparatus which, although quite inert in 
itself, yet, on the passage of an electric current through it 
certain chemical changes are induced which render it 
capable of receiving, retaining, and redeveloping a certain 
amount of electrical energy, the ratio between that amount 
of energy put in and returned being dependent upon the 
chemical nature of the materials employed and the me- 
chanical construction of the cell. 

In spite of our lack of knowledge of the precise nature of 
the chemical changes which occur in lead sulphuric-acid 
cells, enough is now known to enable those concerned in 
their commercial manufacture to construct cells of any 
capacity, and capable of giving any rate of discharge. It is 
now usual to speak of storage cells as being of so many 


ampere-hours capacity per pound of plates, or per pound of 
complete cell. 





Storage Batteries 


Lead storage cells fall naturally into two classes—viz. 
those in which the active material is formed from the sub- 
stance of the element itself either by direct chemical or 
electro-chemical action, and those in which the chemical 
formation is accelerated by. the application of some easily- 
reducible compound of lead. Elements of the former type 
are usually called “Planté,” and those of the latter “Faure” 
or “pasted,” Messrs. Planté and Faure being the respective 
inventors. This arrangement, however, does not hold so 


- good now as formerly, the two types having in a measure 


blended. Quite a number of storage cells have recently 
been introduced in which neither lead nor salts of lead 
is used in their construction. Under these circumstances 
it will, perhaps, be advisable to divide the subject into two 
sections. First, what are generally known as “stationary 
cells,” or cells commonly used for storing electrical energy 
in central supply stations, for tramway work, and for 
ordinary electric lighting. Second, “semi-portable” and 
“portable cells,” or those used for propelling electric 
launches, tram-cars, motor-cars, and similar electrically- 
driven vehicles, also still smaller types of cells now com- 
monly used for actuating induction coils, for X-ray, and 
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10 Storage Batteries 


wireless telegraphic work, and also for driving very small 
motor and electric hand-lamps. 


STATIONARY CELLS 


As previously stated, the exact nature of the chemical 
changes in a secondary lead-sulphuric-acid lead-peroxide 
cell is not yet established; but it has been conclusively 
shown by Dr. Gladstone and Prof. Tribe that sulphate of 
lead (Pb SO,) enters largely into the composition of the 
active material on both elements in a discharged cell. 
Analysis has shown that the surfaces of the elements in 
a newly and fully-charged Planté cell consist of nearly 
pure peroxide of lead (PbO,) and spongy metallic lead 
(Pb) respectively on the positive and negative plates. 

During the discharge, or if the cell be allowed to remain 
at rest, the sulphuric acid (H,S0O,) in the solution enters 
into combination with the peroxide and spongy lead, and 
partially converts it into sulphate. The acid being con- 
tinually abstracted from the electrolyte as the discharge 
proceeds, the density of the solution becomes less. In the 
charging operation this action is reversed, as the reducible 


sulphates of lead which have been formed are apparently 


decomposed, the acid being reinstated in the liquid, and 
therefore causing an increase in its density. This peculiar 
alteration in the nature of the acid solution, first noticed 
by Sir E. Frankland, enables us to ascertain at any 
moment both the state of charge and the general condition 
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of a cell, by simply finding its density or specific gravity 
by means of a suitable instrument. 

It is well known that pure metallic zinc will not de- 
compose water, even at such a high temperature as 100° 
Centigrade. Dr.-Gladstone and Prof. Tribe, in their ad- 
mirable researches on this subject, have shown that zinc, 
on which copper has been deposited in a spongy condition, 
was capable of splitting up the molecules of water, even at 
ordinary temperatures, oxide of zinc being formed and 
hydrogen liberated. If placed in a solution of sulphuric 
acid and water it started a very violent chemical action, 
sulphate of zinc and hydrogen being the result. They 
termed the two metals thus conjoined a copper-zine couple, 
and they found that this agent was capable of bringing 
about other chemical changes which neither metal alone 
could effect. Users of primary batteries, and those con- 
versant with electrolytic action, will at once understand 
the nature of this agent, and will readily recognize in its 
effects only an intensified form of that troublesome com- 
plaint with which we are so familiar, and which is usually 
known by electricians under the name of “local action.” 

In the Planté form of secondary cell the positive plate 
is a sheet of lead, upon which finely-divided peroxide of 
lead is distributed. The difference of potential developed 
by lead and lead peroxide when immersed in dilute sul- 
phuric acid is as nearly as may be 2 volts, while that de- 
veloped by zinc and copper in the same liquid is about 0.7 
of a volt. Messrs. Gladstone and Tribe were induced to 
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think that the elements in a Planté cell acted very much 
in the same way as their copper-zine couple, and by a 
series of experiments it was found to be so. They found 
that the lead-peroxide couple decomposed the sulphuric 
acid with the production of sulphate of lead. The destruc- 
tion of the peroxide of lead by this action means so much 
diminution of the available amount of electrical energy. 
In the carly stages of “formation,” and when the peroxide 
of Jead.on the metal is very thin and small in quantity, its 
transformation into the white sulphate goes on very 
rapidly, and is frequently perceptible to the eye; but when 
the thickness of the coating is increased the time required 
for the conversion is.naturally too long for this kind of 
observation. During each period of repose which is recom- 
mended. by Planté the peroxide on the lead plate is com- 
pletely, or almost completely, destroyed by local action, with 
the formation of a proportionate amount of lead sulphate. 
In the next stage, when the current is reversed, the lead 
sulphate is reduced by the nascent hydrogen which is 
liberated by the electrolytic action, and the amount of 
finely-divided lead capable of being peroxidized is largely 
increased. 

From their observations it becomes evident that a lead- 
peroxide plate gradually loses its electrical energy by local 
action, the rate of such loss being varied according to the 
circumstances of its preparation, and the general condition 
of the cell. 
extensive metallic surface, with but a thin coating of 





When elements are employed which have an_ 
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peroxide, the relative amount of local action must neces- 
sarily be large in proportion to the amount of active ma- 
terial present, and therefore the cell will quickly lose its 
charge. 

De Kabath Accumulator—Many early experimenters 
with the Planté type of element devoted much attention to 





FIG. 1—PLANTE CELL 


methods of obtaining the maximum amount of active sur- 
face with a minimum amount of weight of lead. Among 
the earliest of these was M. de Kabath. His form of ele- 
ment consisted of a thin perforated-lead chamber filled 
with a large number of lead strips. 

To still further increase the exposed surface, and to allow 
of a more thorough circulation of the solution, each alter- 
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nate strip was fluted or crimped. The commercial pattern 
was prepared as follows :— 

A number of thin lead strips, .39” wide, 19.7” long, and 
1/25” thick, were passed between fluted rollers which were 
grooved in such a way that their length was reduced to 
14”, Lengths of the same thickness of lead were prepared. 
A perforated chamber, 3.4” wide, was then made, and 
into this receptacle were packed about 180 or 190 of these 
strips, alternately one grooved and one plain. A perforated 
lead cover soldered on them completes the element. The 


FIG. 2.—KABATH’S PLATE 


complete plate measured 15” in length, 3.54” in width, and 


about .4” in thickness. Twelve of these elements were 
placed in one cell. The formation was effected slowly, and 
in such a manner that the peroxide may adhere as firmly 
as possible. The process was maintained for some days, 
the direction of the current being occasionally reversed. 
Tlie electrolyte was composed of distilled water to which 
was added one-tenth, by bulk, of pure sulphuric acid. 
With a view to finding out the amount of surface to be 
obtained by rolling a given weight of lead, De Kabath 
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found by actual trial that 2.2 lbs. of lead rolled out 1/25” 

thick exposed an active surface of 279 square inches. 
Reynier’s Cell——The late Emile Reynier made many 

attempts to improve on the Planté cell. One of these 






































































































































FIG. 3.—KABATH’S ELEMENT 


consisted of a thin sheet of lead folded up zigzag fashion, 
and then enclosed in a stout cast-lead frame. During its 
formation the interior portions of the positive plate in- 
creased considerably in dimensions, but meeting with op- 
position from the rigid sides it did not warp up or bend, 





16 Storage Batteries 


but merely tended to close in upon itself. To decrease 
weight, and to still retain its mechanical strength, he 
ultimately substituted light steel frames which he coated 
with lead or some lead alloy. A still further improved 
form was what Reynier called his “elastic” cell. In con- 
structing this he separated his electrodes by means of thin 
porous sheets of silica. Each cell contained one positive 
and two negative plates, and four sheets of the prepared 
silica. The two outer sheets of the insulator were corru- 
gated so as to increase the space available for the electrolyte. 

As an illustration of the capabilities of this form of cell, 
the following particulars of a 15-cell battery were given 
by Reynier :— 

Total electromotive force, 32 volts. 

Electromotive force at terminals, 28 volts. 

Safe rate of discharge, 3 to 6 amperes. 

Average available energy, 150 watts. 

Capacity, 30 ampere-hours. 

Work (available), 740 watt-hours. 

Total weight of battery, 110 pounds. 

D. P. Cells.—In this form of cell, known as the D. P. 
Accumulator the elements consist of a large number of 
narrow strips of lead built up one above another. Some- 
times the narrow lead strips are obliquely corrugated to 
prevent the surfaces coming into contact. The plates are 
formed by the Dujardin process, which consists in immers- 


ing them in a solution composed of 2.2 Ibs. of an alkaline 
nitrate, 4.4 lbs. of sulphuric acid, and 220 lbs. of water. q 
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To regenerate the deoxidized nitric acid, air is forced into 
the bath during the forming operation. 

The Rooney High-Discharge Cell, which is an American 
production, is very similar to the D. P. as regards me- 
chanical construction. In this cell corrugated strips of 
lead are alternated with straight strips. These strips are 
lead-burned to a strong lead conductor, the whole being 
connected to a lead frame. 

The positive elements are enclosed in a perforated hard 
rubber, or celluloid chamber. The forming process is ac- 
complished in a nitrate solution. 

The “Blot” Accumulator—tThe Blot elements somewhat 
resemble those of the D. P. and Rooney make. Each 
element is made up of longitudinal coils of lead strip. 
The coils consist of alternately embossed and corrugated. 
strips, so that the electrolytic is free to reach the whole 
of the lead surfaces. The thickness of the strips and the 
length of the coils is regulated according to the desired 
capacity of the finished cell. The coils are disposed ver- 
tically, their top end being burned to a stout lead con- 
ductor. By this arrangement the various sections of the 
plate are free to expand, so that warping and buckling are 
said not to occur. 

The Lamina Plate.—These elements are made up of a 
series of perforated and corrugated lead strips. The 
method of making these plates is somewhat as follows :— 
Lead is received in the form of rolls of 8 to 10 inches wide, 
und of varying thickness of from 1/64 to 1/32 inch. The 
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lead is first perforated, and is afterwards corrugated by a 
suitable machine. After being treated in this way the lead 


is cut up into strips of the desired size. These strips when’ 


built up are encased by a sheet of perforated lead, held in 
position by leaden rivets, and lead-burned at the top and 
bottom. 

The “Tudor” Accumulators.—The positive plates in this 
cell, which are perhaps its most distinctive feature, are 
lead plates of large surface, and formed on the original 
Planté method. The positive plates of all the different 


types made are similar in construction, and only differ in 





FIG. 4.—TUDOR pases PLATE 
their dimensions. The plates are cast in one piece with a 
large number of thin vertical ribs strengthened at inter- 
vals by horizontal ribs. The moulds in which the plates 
are cast are in two halves, each corresponding to one side of 
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the plate, and consisting of a rectangular cast-iron frame, 
in which are held a number of gun-metal racks, .6” wide, 
cut with very fine teeth. A very small space is left between 
each rack, corresponding to a horizontal rib on the plate; 
at intervals of about 4.8” a tooth is cut away on each rack 
so as to give an extra strong vertical rib at those points. 

The thickness of the positive plates in all types of the 
Tudor cell is the same, ‘viz. 4% inch, and the developed 
surface for electrolytic formation is ten times that of. a 
smooth plate of the same superficial area. 

The desired thickness of peroxide of lead on the positive 
plate is produced first by alternately charging the cells and 
then leaving them at rest on open circuit, and afterwards 
by alternately charging them at frequent intervals through- 
out the day, the discharge becoming greater as the state 
of formation proceeds. Finally, the cells are charged 
and discharged under ordinary conditions, until they attain 
nearly the normal capacity. 

The negative plates are of the pasted grid pattern, and 
after being filled and dried, the majority of negative plates 
are sent out without any further preparation. It has been 
found that the active material of the negative plates, when 
formed, oxidizes and sulphates so readily, that the time 
required for reducing them after erection is scarcely les- 
sened by a previous reduction of the litharge at the works. 

The method of mounting the Tudor cell is the same in 
principle for all types of cells made. The plates are sus- 
pended above the level of the liquid by their lugs, from 
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the sides of the containing-box when it is made of glass, 
or from glass sheet when lead-lined wood boxes are used. 
In the small cells a free space of 4 inches, and in the large 
8 inches, is left beneath the plates for the accumulation of 
deposit, so that this deposit cannot form internal short 





FIG. 5.—TUDOR ELEMENTS IN GLASS BOXES 


circuits. The plates are free to expand in all directions. 
Each pair of plates is separated by two or more glass- 
flanged tubes ¥ inch in diameter, held upright by guiding 
pieces cast on the lugs of the negative plates. 

The plates are lead-burnt on to the connecting bars, as 
shown in Fig. 5, which illustrates some of the ordinary 
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lighting cells mounted in glass boxes. In the larger cells 
the connecting bars are common to the positive pole of one 
cell and the negative pole of the next one. 

Faure, appreciating the many inconveniences and great 
loss of time involved in producing plates by Planté’s elec- 
trolytic method, conceived the idea of accelerating the 
formation by applying a layer of oxide of lead to the 
surface of lead plates, and then converting this oxide into 
active material by the action of an electric current. To this 
end he coated his plates with minium or ordinary red 
oxide of lead, made into an adherent paste by the addi- 
tion of water or acidulated water. When sufficiently hard- 
ened, these plates were placed in a cell containing dilute 
sulphuric acid, and then subjected to electrolytic action. 
To prevent the salts falling away from their support, he 
interposed between the plates porous felt or cloth. Faure 
found that the oxide on the positive plate was converted 
largely into peroxide of lead, while the salt on the negative 
was reduced to chemically porous lead. 

The following data of one of these cells will doubtless 
be of interest: The cell was made up of sixteen flat plates 
of lead 17 inches long by 121% inches wide. The positive 
electrodes were .08” thick and the negatives .04”. The 
total amount of lead oxide pasted upon the plates weighed 
about 50 Ibs. 


plates were covered up first with parchment paper, and then 


To prevent disintegration of the oxide, the 


with stout felt. The total weight of this combination, in- 
cluding the containing cell, was about 135 Ibs. According 
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to some tests made with this cell, the following results 


were obtained :— 


Duration of 


Discharge Rate of Discharge § Total Current Output 
8 hours 22 amperes 176 ampere-hours 
12 hours 21 amperes 250 ampere-hours 
13 hours 20 amperes 280 ampere-hours 
14 hours 19 amperes 299 ampere-hours 





This type of cell is known as the Faure “pasted” cell, 
but owing to defects’ which speedily developed themselves, 
it has never come into commercial use to any. great extent. 

The Faure Cell Theoretically Considered—It is not 
within the province of this article to consider to any great 
extent the chemical actions involved in the various forms 
of cells under consideration ; but it may help us somewhat 
if at this junction we briefly consider the nature of the 
chemical changes which are believed to occur in such cells. 
As previously stated, much has been written on this sub- 
ject, especially in recent years, but so far no very definite 
or satisfactory conclusions have been arrived at. As the 
practical experience gained during the last fifteen or six- 
teen years rather tends to confirm broadly the deductions 
of Dr. Gladstone and Professor Tribe with reference to 
the behaviour of electric storage cells, it will be of interest 
to give some extracts from their early and extremely lucid 
communications made to Nature concerning their investiga- 


tions on these cells. - 
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As the result of many experiments, these investigators 
arrived at the conclusion that the minium or red oxide of 
lead in a Faure cell suffers decomposition according to the 
formula. Pb,O, + 2H,SO, = PbO, + 2PbSO, + 2H,0. 
As both the lead sulphate (PbSO,) and the lead peroxide 
(PbO,) are insoluble in dilute sulphuric acid, these changes 
take place merely at the surface, and require time to pene- 
trate into the interior. 

In a Faure battery a plate consists of a superficial layer 
of mixed peroxide and sulphate of lead; the thickness of 
this layer is dependent upon the time during which the 
sulphuric acid has been allowed to soak into the oxide of 
lead. The proper formation of a secondary battery is a 
matter evidently depending upon very careful adjustment 
of conditions. 

In a lead accumulator the energy stored up in the cell 
is determined mainly by the amount of peroxide of lead 
present. This appears to be obtained with the smallest 
amount of loss when the current is not too strong. 

There would seem to be no commensurate advantage 
in continuing the current after the oxygen has ceased to 
be absorbed pretty freely, because the presence of some un- 
oxidized sulphate of lead, although it increases the re- 
sistance rather impedes than promotes local action. On 
the other hand, however, it is necessary that the reduc- 
tion of the minium on the opposing plate should be com- 
plete, because a mixture of lead peroxide and metallic 
lead would be peculiarly conductive to the production of 
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lead sulphate, and thus increase the resistance; while 
if any peroxide should escape destruction, it would dimin- 
ish the electromotive force of the cell. From the fore- 
going it would appear probable, that the most economical 
arrangement would be obtained by making the minium 


to be hydrogenated much smaller in amount than that to — 


be oxidized. On trying the experiment with only half the 
quantity they obtained a most satisfactory result, as far 
as the charging was concerned. The lead peroxide was 
found to react both on the lead plate that supports it and 
on the lead on the opposite plate. This action, however, 
is no drawback, as, if it were not for the formation of a 
film of sulphate of lead on the surfaces of both plates, 


this action would quickly cause the cell to lose its charge; 


but the formation of sulphate no doubt also forms a se- 
rious obstacle to further local action. 

Messrs. Gladstone and Tribe found that the initial elec- 
tromotive force of the Faure cell, when freshly prepared, 
averaged 2.25 volts; but after being allowed to rest for 
some little time, it was reduced to about 2 volts. 

During a discharge, oxide of lead in the presence of 
sulphuric acid becomes sulphate of lead, according to the 
equation— 


PbO + H,SO, = PbSO, + H,0. 


To prove that the sulphate of lead formed on the dis- 


charge is reduced in the subsequent charging, the lead 
plate of a fully-discharged cell, which was found to have 
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51 per cent of lead sulphate combined with the spongy 
lead, was subjected to a charging current of 1 ampere for 
a period of sixty hours, and on examination no trace of 
sulphate of lead was found. From this it may be con- 
cluded that during the alternate discharging and recharg- 
ing of a Planté or Faure cell, sulphate of lead is alter- 
nately formed and reduced on the lead plate, and that the 
plate itself is not seriously corroded. It would, however, 
appear desirable not to allow the whole of the spongy 
lead to be reduced to the condition of sulphate during the 
discharge, for two reasons—viz. first, because the support- 
ing plate stands a chance of itself being acted upon, and 
thereby weakened, if there is not a sufficient excess of 
spongy lead; and second, because the presence of this ex- 


_ cess tends to facilitate the reduction of the sulphate. 


It has already been shown that sulphate of lead is pro- 
duced by the local action that occurs during repose be- 
tween the peroxide and its metallic supporting plate. The 
same local action also takes place during the charging 
of the elements, this sulphate in its turn being attacked 
by the electrolytic oxygen. In this way the absorption of 
oxygen during the forming of the peroxide plate ought 
never to come to an end. It has been shown that .55 cubic 
inches of oxygen liberated will form and oxidize 3.7 grs. 
(troy) of sulphate of lead. 

Referring to Planté’s statement that an elevation of 
temperature facilitates the formation of his cell, Messrs. 
Gladstone and ‘Tribe found that the character of the chem- 
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ical changes which take place at the negative plate led 
them to think it exceedingly probable that this increase 
in the rate of formation arose from an augmentation ip. 
the amount of local action. By experiment such was 
shown to be the case. Pairs of similar peroxide plates 
made on Planté’s model were allowed to remain idle at 
11° C. and 50° C. respectively, and the formation of the 
white sulphate was visibly more rapid at the higher than 
at the lower temperatures. The same was found to be 
true with negative plates prepared by Faure’s process. Two 


plates of similar polarity were kept in repose for an hour, : 
- the one at 11° C. and the other at 50° C. On analysis. 


it was found that respectively 2.6 and 7.4 per cent of 
lead sulphate had been formed. On two other plates the 
proportions were 7.6 and 9.5 per cent respectively. These 
observations, of course, do not by any means exclude the 
idea that an increase of temperature may also facilitate 
the other chemical changes that occur in the formation 
of lead-lead peroxide cells. 

From the results obtained from their investigations, 


Dr. Gladstone and Prof. Tribe were led to the following 


deductions, viz.:— 

1. Im the Planté or Faure cells local action neces- 
sarily takes place on the peroxide plate, with the produc- 
tion of sulphate of lead. 

2. The formation of this sulphate of lead is absolutely 
requisite in order that the charge should be retained for 
a sufficient time to be practically available. 
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8. The rapidity of loss during repose will depend upon 
the closeness of the sulphate of lead, and possibly upon 
other mechanical conditions. 

From the foregoing it may be thought that the chem- 
ical action of storage cells is well understood and easily 
ascertained. Such, however, is not the case. The reac- 
tions involved are highly. complicated, and vary consid- 
erably under various conditions incidental to charging 
and discharging, rates of charge and discharge, varia- 
tions of temperature, and methods of manufacturing the 
active material, also the density and composition of the 
electrolyte. In fact, Sir Edward Frankland correctly puts 
the case when he stated that “the physical qualities of 
the cells are capable of very accurate estimation and in- 
vestigation. But when you come to attempt to ascertain 
the chemical changes that occur in the charging and dis- 
charging of a storage cell, you encounter formidable dif- 


. ficulties. The outsider has no idea of these difficulties. 


Nothing seems more simple than to determine the chem- 
ical changes that take place in either the positive or the 
negative plate of a storage battery. It is not so in reality. 
The substances used as active materials are in the first 
place mixtures, and the materials obtained at the end of 
the reactions are also mixtures, and these mixtures are in- 
soluble in any reagent which does not decompose them. 
They cannot be volatilized; they cannot be subjected to 
any process of solution and crystallization in order to sep- 
arate and purify their elements.” 
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Whatever difference of opinion may exist as to the chem- 
ical reactions of storage cells, for practical purposes they 
may be treated as the older and better known primary 
cells. In many cases these may vary considerably in point 
of mechanical construction, yet, theoretically, they appear 
to be governed by the same general laws. A fully-charged 
storage cell acts much in the same way as a primary cell 
when newly set up. The storage cell, however, has this 
great advantage, in that when discharged it can be again 
brought to its original condition by means of an electric 
current. 


CAPACITY AND EFFICIENCY OF STORAGE 
CELLS 


The total current, and the total energy capacity, of a stor- 
age cell is the maximum amount of current or electrical 
energy which it is capable of storing, without reference to 


any loss that may occur by it being allowed to remain idle, © 


nor does it take into account the rate or manner of its 
discharge. 

The working current, and the working energy capacity, 
is that amount of current, or electrical energy, which can 
be obtained from the cell at any specified rate of dis- 
charge. When estimating this, the discharge is always 
stopped as soon as the cell ceases to do useful work. The 
working capacity of storage cells may vary between very 
wide limits. 

The absolute current, and the absolute energy efficiency, 


Storage Batteries 29 


of an accumulator cell is the ratio between that amount 
of current or energy put into it and that obtained by a 
total discharge, without reference either to its rate of 
charge or discharge, or to ‘the time allowed to elapse be- 
tween these operations. 

The working current, and the working energy efficiency, 
of a storage cell is the ratio between the value of the cur- 
rent or energy expended in the charging operation, and 
that obtained when the cell is discharged at any specified 
rate. 

In a lead storage cell, if the surface and quantity of ac- 
tive material be accurately proportioned, and if the dis- . 
charge be commenced immediately after the termination 
of the charge, then a current efficiency of as much as 98 
per cent may be obtained, provided the rate of discharge 
is low and well regulated. In practice it is found that 
low rates of discharge are not economical, and as the cur- 
rent efficiency always decreases as the discharge rate in- 
creases, it is found that the normal current efficiency sel- 
dom exceeds 90 per cent, and averages about 85 per cent. 

As the normal discharging electromotive force of a lead 
secondary cell never exceeds 2 volts, and as an electromo- 
tive force of from 2.4 to 2.5 volts is required at its poles 
to overcome both its opposing electromotive force and its 
internal resistance, there is clearly an initial loss of 20 
per cent between the energy required to charge it and that 
given out during its discharge. The normal discharging 
potential seldom exceeds 2 volts, and as this pressure con- 
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tinually decreases as the rate of discharge increases, it 
follows that an energy efficiency of 80 per cent can never 
be realized. As a matter of fact, a maximum of 75 and 
a mean of 60 per cent is the usual energy efficiency of lead- 
sulphuric-acid storage cells. 

Planté found that peroxide of lead, when electrolytically 
prepared, gave 1 ampere-hour capacity for every 70 grs. 
(troy) of the salt. These figures have been substan- 
tially confirmed by more recent investigators. According 
to this we should expect to obtain approximately 100 am- 


pere-hours capacity per pound of positive active material 
used. In practice, however, this high value is never at-~ 


tained. Sixteen ampere-hours per pound of positive ac- 
tive material is more nearly the best capacity obtained 
in practical work—in fact, this is seldom reached. This 
great difference is principally due to the fact that the 
larger part of the material employed is inactive in the 
way of producing electrical energy, and merely serves to 
cement the real active material together and retain it on 
its metallic support. The loss is also partly due to the 
fact that it is not economical to use to the fullest extent 
all the energy stored. In. discharging cells it is usual to 
stop before the pressure at the terminals falls to such a 
degree as to interfere with the work it is expected to per- 
form. This limit may vary widely, and is entirely de- 
pendent upon the work which the cell is constructed to do. 

The E.P.S. Batteries—Owing to defects which speed- 
ily developed themselves in Faure’s early pasted plates, 
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they never came into commercial use. It was found that 
by repeated charging and discharging, the loose lead salts 
tended to permeate through the pores of the felt, and there- 
by induced the formation of lead trees. ‘These minute 
metallic bridges caused serious short-circuiting, and ul- 
timately led to the destruction of the elements. The in- 
ert porous separating medium, therefore, had to be aban- 
doned, and the short-circuiting difficulty was overcome by 
leaving a clear liquid space between each pair of plates. 

Many plans have been suggested and much ingenuity 





FIG. 6.—E.P.S, GRID 


has been exercised in devising methods of holding actiw, 
materials on to metallic accumulator elements. 

With the knowledge gained from a very large number 
of experiments, the present form of grid, Fig. 6, was 
adopted. The usual method is to cast the grids in an iron 
or steel chill or mould. The elements now in use are per- 
forated with a large number of square apertures, which 
are tapered inwards from both surfaces of the plate, thus 
forming a double dove-tail. Owing to their peculiar shape, 
the pellets of active material tend to key themselves firmly 
into the countersunk holes. 

The negative plates are made of pure lead, and the early 
form of positives of an alloy of lead and antimony. The 
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antimony was introduced to 
liable to bend, and at the same ¢ time to wean 
ing-in” action of the acid and current. The metal 


recent positive grids are made of pure lead. When cai 
and cleaned up, the grids are filled in with a paste made 


FIG. 7.—E.P.S. ORDINARY LIGHTING CELLS 


by adding to minium, water acidulated with s 
acid. When dry the plates are placed in a bath. 
ing dilute sulphuric acid, where they are partly formed, or 
what is known as “hardened,” by means of an electric cur- 
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In hating these and similar types of cells in glass 
boxes, it is usual to place them in wood trays which con- 
tain a layer of sawdust to give the glass an even bearing. 
Hach of these trays rests on four glass insulators, one 
When fixed up for work, the 
cells are invariably mounted on wooden stands, as shown 
in Fig. 7. As a protection against acid fumes or spray, 
the wood stands are either well shellac-varnished or 
treated with anti-sulphuric-acid paint. 


placed under each corner. 


Of late years improvements haye been made in the orig- 
inal E.P.S. plates. The King-Faure plate, now much used, 
has a series of ledges cast upon it on both sides, and these 
ledges are filled in with the active material. Plates made 
on this principle are much thicker than those originally 
made, and are said to give a greater capacity per pound 
of plate. 

In Fig. 8 is shown one of the high-discharge cells, as 
used in central electric-light stations or electric railway 
supply works. The capacity in ampere-hours of these 
cells, when discharged in five hours, is given as 90. per 
cent of the nominal, and when discharged in three hours, 
at about 75 per cent, the full capacity of the battery be- 
ing based upon a seven-hours discharge. 

Another form of cell, designed for motor-cars and sim- 
ilar purposes, is shown in Fig. 9. 

The “Hart” Accumulator—This form of element has 
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been much in evidence lately. The plates used for central 
station work and ordinary electric lighting are made of cast- 
lead and built up on the girder principle, with lattice- 
work arranged alternately on ‘either side and diagonal 
ribs running across the plate. The active material em- 


FIG. 8.—E.P.S. HIGH-DISCHARGB CELL 


ployed is minium on the positive plate and litharge on the 
negative. By the mechanical arrangement of the plate, 
the active material in each is split up into a number of 
small pellets, a special feature about the plates being that 
each pellet is gripped hard on its surface by means of a 
leaden lip attached to the grid and turned over by a spe- 
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cial Dae Each plate is provided with projecting lugs 
on either side, as shown in Fig. 10. 

These lugs, as shown in Figs. 11 and 12, serve to sup- 
port the element in the cell, as they rest on side-pieces of 
stout glass, thus keeping the bottoms of the plates aie 


FIG. 9.—E.P.S. TRACTION CELL 

os and some distance from the bottom of the containing 
cell, 

aie “Hart” cell has been much used recently in con- 
nection with the train-lighting system, as carried out b 
several railway companies. When used for such “is 
poses, the lattice-type plate is only used for the negative 
element, the positive being a thinly-ribbed plate rather 
than a grid, the interstices of which are filled up level 
With the surface with the active material. 

In storage batteries where the grid form of plate is 
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employed some rather weak points have developed them- 
selves. In the case of the negative element but few dif- 
ficulties have occurred, as with these plates, if the aper- 
tures were properly filled in and then thoroughly formed, 





ac 


FIG. 10.—HART PLATE LIGHTING TYPE 


little or no mechanical alteration occurs either during 


formation or subsequent use. With the positive elements © 


the case is somewhat different; here, during the elec- 
trolytic formation, the lead oxides undergo a considerable 
amount of expansion, this increase of bulk being stated 
ay some investigators to amount to somewhere between 5 
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and 10 per cent of the original mass. Unless, therefore, 
proper precautions are taken to ensure a uniform expan- 
sion in the lead salts, the comparatively rigid grid is 
liable to suffer considerable distortion. ‘To counteract this 
distorting influence, the grids may be made mechanically 
strong either by increasing their thickness, or by introduc- 





FIG. 11.—HART SET OF ELEMENTS FIG. 12.—HART COMPLETE CELL 


ing some hardening substance into the composition of the 
metal. 

As already shown, the pellets of peroxide in the E.P.S. 
hard-metal grids are keyed in by the peculiar truncated 
shape of the holes. If the walls of these apertures are 


too acute, and if the expansion of the active material has 
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not been allowed for, there is a tendency for the little 
masses of oxide to split and to drop out. 

Many attempts have been made to overcome the above- 
mentioned difficulties. Among these are the methods of 
running molten metal around suitably-shaped masses of 
lead oxide or peroxide, or by casting each grid in two parts, 
and then fixing them together in such a way that the 


largest part of the truncated holes in each part are co- . 


incident. 
Currie’s Asbestos-Covered Elements.—A plate of some- 
what curious form is due to Mr. S. M. Currie. The ac- 


tive material is in a thin layer, no part of it being more 


than one-eighth of an inch thick. The principal feature 
of this form of plate, however, resides in the fact that 
the active material is entirely encased within a sheath or 
covering of asbestos. The asbestos is first braided in tubu- 
lar form and of the required thickness, and then cut up 
into suitable lengths, eight of which are placed in a 
special mould. Each tube, when placed in the mould, is 
supplied with a removable brass rod of the same length 
as the asbestos, but of considerably less diameter, which 
passes up its centre. By means of a suitable inlet a fused 
salt of lead, such, for instance, as the chloride of lead, is 
poured into the mould and fills up the intermediate spaces 
between the brass rods and the asbestos envelope. The 
rods are then withdrawn, leaving afterwards the chloride 
of lead in a compact cylindrical form, with an outer coat- 
ing of braiding asbestos. The next step is that of filling 
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with pure lead, or an alloy of lead and antimony, the 
spaces lately occupied by the brass rods, and at one and 
the same operation casting on a connecting-bar of the 
same metal to hold the rods the requisite distance apart and 
to form the necessary connections. The chloride is re- 


FIG. 13.—CURRIE’S ASBESTOS-COVERED ELEMENTS 


duced to porous lead by electrolysis, after which the plate 
is ready to be fitted up and “formed”. When formed in 
this manner these elements can be used in conjunction 
with positives of a similar type, or with flat positive plates 
of the ordinary type. 











40 Storage Batteries 


“Lithanode” Cells—A material for making up ele- 
ments for storage batteries quite distinct from any of 
those already considered is known as lithanode. It is 
produced fromr litharge made into a pasty mass with a 


solution of sulphate of ammonia, which causes the ma- 



















































































FIG. 14.—EARLY FORM OF LITHANODE PLATE 


terial to “set”, so that it will no longer disintegrate when 


placed in a fluid. In ordinary practice thé elements are — 


made up of a number of small slabs of lithanode, whose 
outer edges are V-shaped. These slabs or pellets are ar- 
ranged in a casting mould of any suitable dimensions, 
and are placed at such a distance apart and from the edges 
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of the casting frame as to allow of sufficient space for 
the requisite quantity of metal to run in and impart ade- 
quate mechanical strength to the completed element. 
After the pellets have been arranged in this manner, an 
alloy of lead and antimony is run into the interstices, 
and thus a complete plate is formed, as shown in Fig. 14. 


Before being cast up the positive pellets are converted 





FIG. 15.—CHLORIDE NEGATIVE FIG, 16.—CHLORIDE POSITIVE 
PLATE PLATE 


into peroxide of lead in a forming bath; those for the 
negative plates are simply dried and cast up direct, be- 
ing reduced to a condition of spongy lead by the ordinary 
electrolytic method. 

Chloride Storage Batteries—In this case, instead of 
using litharge, chloride of lead is employed to make the 
pellets. The method of making chloride plates is some- 


what as follows:—Litharge is dissolved in acetic acid ; 
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which gives a resultant compound of acetate of lead. By 
adding hydrochloric acid to this solution, chloride of lead 
is precipitated. The precipitate is next passed through a 
filtering press, which squeezes out the liquid and leaves 
the chloride of lead in the shape of cakes. The cakes of 
chloride of lead so prepared are dried and put into melt- 
ing-pans with a small percentage of zinc, which reduces 
some of the lead and forms a mixture of lead and zinc 
chlorides. The molten lead falls to the bottom and is 
run off from time to time. When melted the salt is run 
into a suitable mould, the result being the production of 


small hexagonal pellets. The pellets are next arranged ~ 


in a metal chill, and an alloy of lead and antimony in a 
molten state and under pressure is forced into the inter- 
stices. The next process is to reduce the chloride. This 
is done by placing the plates in a reducing tank, alter- 
nately a cast plate, and then a plate of zinc. The zine 
combines with the chlorine, forming chloride of zinc, and 
reducing the lead salt into pure spongy lead. Originally 
both the positive and the negative elements were made in 
this way, the spongy lead in the positive plate being con- 
verted into peroxide by the usual electrolytic method. In 
the United States the original manufacturers of chloride 


cells, the Electric Storage Co., have abandoned the above 


method of constructing their positive element, and, fol- 
lowing out the prevailing fashion, the chloride plate is 
only used as the negative element; the positive is of dif- 
ferent construction, and is of the Planté type. The posi- 
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tive plate, which is cast in a mould, has a large number 
of holes in it. These are about three-quarters of an inch 
in diameter, and slightly tapered outwards on both sides 
of the plate. Into the cast holes-are pressed small rosettes 
of lead. These, which exactly fit the holes, consist of 
lengths of pure lead-strip gimped, and rolled up in the 
form of small coils. When all the apertures are filled in 


FIG. 17.—CHLORIDE COMPLETE CELL 


the plates are submitted to pressure in a hydraulic press, 
which operation keys in the rosettes. 

Mechanically Solid Batteries—There can.be no doubt 
that at present an inexpensive and mechanically solid stor- 
age battery is a great desideratum. There is an enormous 
scope for a cell which will combine large capacity and small 
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weight, which will withstand without injury high rates 
of charge and discharge, and possess in addition great 
mechanical strength and solidity. 

Great hopes were entertained at one time that the solid- 
ity problem had been solved by the introduction of Dr. 
Schoop’s elastic electrolyte. One great drawback to the 
employment of a viscous or gelatinous electrolyte resides 
in the fact that, when such substances are used, no free 
circulation of the liquid is possible. We have already seen 
that the activity of secondary battery elements depends en- 


tirely upon chemical action; and as the electrolyte is 


the medium through which all the necessary reactions take 


place, it seems highly probable that anything which pre- — 


vents its free access to the active material must be detri- 
mental to the action of the cell. © 

Niblett’s Mechanically Solid Battery.—This cell in its 
original form was of the Planté type, and each element 
consisted of a highly cellular mass of material, which, 
owing to its form of construction, was capable of absorb- 
ing a sufficient quantity of the electrolyte for the due per- 
formance of all the necessary chemical reactions. Between 
the electrodes was placed a thin, highly porous inert dia- 
phragm, which served to complete the solid character of 
the cell. The metal which constituted the elements was 
prepared by dropping red-hot molten lead into water, 
and was rendered active by the usual Planté method of 
formation. 

Owing to the cellular nature of these elements the liq- 


Storage Batteries 45 


uid contained within their pores was continually circu- 


lating throughout the mass, the slight evolution of gas ac- 
cruing during the charge and discharge being quite suf- 
ficient to effect this. 

The cellular construction of the elements gave them the 
peculiar property of automatically regulating their own 
internal resistance, for if the cell be charged at too high a 
rate, or when it is on the point of receiving the full com- 
plement of its charge, the gas generated tends to drive the 
electrolyte from the pores of the elements, and itself to 
remain imprisoned therein, thereby largely increasing the 
internal resistance. Much in the same way, as the dis- 
charge proceeds, the occluded gas re-enters into chemical 
combination, and allows the liquid to refill the pores, and 
thus exposes more active surface. 

Lead-zinc, Copper, and Alkaline Storage Cells.—Hither- 
to we have only considered storage cells in which lead and : 
lead compounds are used in the active materials. Many 
other combinations of metals and salts have been tried, 
and it is possible that it is in this direction that we must 
look for any startling and epoch-making development. It 
must be admitted, however, that so far only those cells 
in which lead and its salts have been used have proved a 
commercial success. 

As previously stated, the value of peroxide of lead, 
when employed as a depolarizer in certain forms of pri- 
mary batteries, has been known and appreciated for many 
years. On the introduction of Planté’s and Faure’s perox: 
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ide cells the interest of electro-chemists was re-awakened 
to this fact, and by experiment it was soon demonstrated 
that if a fully-charged peroxide of lead element, in con- 
junction with'a zinc plate, be immersed in a solution of 
dilute sulphuric acid, a powerful electric current is ob- 


tained, which possesses a very high electromotive force. 


The chemical reactions involved in such a cell are doubt- 
less of a somewhat complicated nature, but an analysis 
of the electrolyte of a discharged cell shows that the sul- 


phuric acid combines with the zinc, forming sulphate of. 


zinc, which passes into solution, and that the hydrogen. 
gas liberated during the chemical combination attacks the 


oxygen in the lead peroxide and reduces it to a form of a 


lower oxide. In addition to this deoxidizing process there 


is the sulphating action of the lead compounds, which, — 


as already explained, occurs during the discharging opera- 
tions in all forms of lead-sulphuric-acid storage cells. Dur- 
ing the recharging a reverse action seems to occur 3 the 
zine is abstracted from its solution, and is deposited upon 
the zine electrode, and at the same time the reduced lead 
oxide re-acquires its lost oxygen. 

The chemical reactions during the charging operation 
are probably fairly represented by the following equa- 
tion :— 


Pb 80, + Zn SO, + 2 H,0 = PbO, + Zn + 2 H, SO,. 


According to Emile Reynier the chemical reactions of a 
discharge have two phases, which may be stated thus:— 
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At the outset one equivalent of sulphate is carried both 
to the positive and negative elements, as represented by 


the equation— 


PbO, + Zn + 2H, SO, = Pb SO, + Zn 80, + 2 H,0. 


During the second phase another equivalent of zinc is 
sulphated at the negative pole, and an equivalent of hydro- 
gen reacts upon the positive element, during which opera- 
tion the active material resolves itself into metallic lead 
and sulphuric acid, as shown by the following equation :— 


2 PbSO, + Zn + H,O = ZnSO, + 2 Pb + H, S0O,. 
Immediately after a charge the electromotive force devel- 


oped by a zinc-peroxide couple may reach 2.7 volts. Dur- 
ing a discharge the internal resistance of this form of 


‘cell is found to vary between very wide limits. At the 


commencement it is about the same as that of the lead- 
peroxide couple, but as the discharge proceeds the re- 
sistance is continually being augmented owing to the 
conversion of the highly-conducting acid electrolyte into 
sulphate of zinc solution, which has a much higher specific 
resistance. 

It has been found that if chemically-pure zine is im- 
mersed in pure dilute sulphuric acid no combination oc- 
curs, the metal remaining quite unaffected. If, however, 
commercial zine be used, which invariably contains, among 
other impurities, iron, lead, and arsenic, then the acid is 
found to quickly attack the zinc, and rapid combination 
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occurs. This action is probably due to the formation of 
‘innumerable minute galvanic couples between the true 
metallic zinc and the iron, lead, or other impurities; so 
that when commercial zinc is used as an electrode in a 
lead-zine cell a considerable quantity of the electrical en- 


ergy is dissipated owing to this form of local action. This — 















































FIG. 18.—REYNIER’S ZINC-LEAD CELL 


loss of energy not only occurs while the cell is in action, 
but is always going on, even if the cell be allowed to re- 


main inactive, or during periods of repose. Thoroughly 


amalgamating the zinc is found to considerably reduce the 
tendency to local action. 


Storage Batteries 


Reynier’s Zinc-Lead Peroxide Cell—Among the first 
to practically develop the lead-zinc storage cell was the 
late Emile Reynier. In his form of secondary cell he em- 
ployed an ordinary Planté or Faure peroxide plate, in 
conjunction with thin sheets of lead on which a thick 


layer of electrolized zinc had been deposited. By the util- 


ization of pure electrolized zinc many of the difficulties 
arising from local action were eliminatel. A battery of 
this description (Fig. 18), introduced in the year 1884, 
was constructed as follows :— 

Each cell contained four peroxide plates of the Planté 
type, which presented an extensive active surface, and 
three negative elements made of smooth sheet-lead, and 
covered with electrolized zinc which had been deposited 
from an acidulated bath of sulphate of zinc. When build- 
ing up the cells accidental contact between the electrodes 
was guarded against by the insertion of glass insulating- 
tubes, which were secured to the negative plates by means 
of leaden strips. The seven electrodes were carried by 
cross-pieces of paraffined hardwood, which rested on the 
edges of the containing cell, and served to keep the ele- 
ments in position. These cross-pieces were made of suf- 
ficient width to just touch one another, and thus they 
served the double purpose of holder and cover. 

The following particulars of a cell of this’ construction 
were given by M. Reynier :— 

Total area of active positive surface. .3,100 sq. inches 

Total area of active negative surface. .1,325 sq. inches 
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Weight of positive elements Ibs. 
Weight of negative elements lbs. 
Weight of containing-trough Ibs. 
Weight of electrolyte 6 Ibs. 
Weight of connectors lb. 


Total weight of complete cell 37.75 lbs. 


From a cell of this form of construction the following 
results were obtained :— 


Electromotive force ........... 2.36 volts. 
Mean internal resistance ....... 0.02 ohm. 
Rate of discharge 25 amperes. 


Rate of charge 5 to 10 amperes. 


Capacity of cell after ‘200 hours 


formation 152 ampere-hours. 

The Lalande and Chaperon Alkaline Cell.—Hitherto 
but little seems to have been done in the way of utilizing 
this cell as a medium for storing electrical energy, but 
as an economical primary generator it has been highly 
spoken of. It may therefore be of interest to briefly con- 
sider this form of cell, as it may serve to throw some 
light upon the more distinct types of alkaline accumula- 
tors. 

Messrs. Lalande and Chaperon ascertained that oxide of 
copper was readily reduced to its metallic form when used 
in conjunction with zinc in an electrolyte of caustie pot- 
ash. Their first copper elements were prepared by mix- 
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ing small quantities of the oxychloride of magnesium with 
oxide of copper, and then, to ensure good electrical con- 
ductivity, this plastic mass was moulded on to a metallic 
support, and pressed into the desired shape. Electrodes 
constructed according to this method were found to ex- 
pose a very large active surface, but as the resultant by- 
products were of little value they were soon abandoned. 
Accordingly it occurred to the inventors that far more 
economical elements might be prepared by applying the 
copper oxides to a conductor which was placed horizon- 
tally, and in such a manner that the copper salts merely 
rested loosely and lightly upon it. Cells of the horizon- 
tal gravity type were accordingly made, and in these the 
zines were suspended in the upper part so that the dense 
solution of zincate of potash, when formed, sunk by rea- 
son of its density to the bottom of the cell and remained 
there, while the lighter and more active solution was free 
to attack the suspended zinc. The chemical destruction 
of the zine plates, when placed under these conditions, 
was found to go on with perfect uniformity, and by ex- 
periment it was demonstrated that a zinc element, eight 
.3 inch thick, was consumed so regularly that it remained 
quite intact, and continued to expose its original surface 
area until it became reduced to only .078 inch in thickness. 

The inventors found that caustic soda gave apparently 
the same results as the potash, both as regards the electro- 
motive force and internal resistance, but as soda salts are 
liable to creep, they preferred to employ the potash. The 
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electromotive force developed by this cell is somewhat 
low, being only about 0.8 of a volt, but this is in a meas- 


ure compensated for by a small internal resistance. 


The following may be taken as representing the ehemical - 


reactions which occur during a discharge of the zine potash- 


copper oxide cell :— 


gn + 2 KHO + CuO = K,Zn0, + Cu + H,0. 


PORTABLE CELLS 


SEMI-PORTABLE AND PORTABLE STORAGE BATTERIES 


Probably no individual type of secondary cell will be 
found to answer for the very varied and ever-increasing - 


purposes to which this class of apparatus is now being ap- 
plied, and it follows that some form of specialization must 
occur. 

For central electric-light stations, or for such work as 
levelling up the loads on electric tramways, where mod- 
erately constant work is required, a battery whose weight 
is large, or whose bulk is great, may be safely used. For 


self-contained electric-light installations, weight and space ~ 


occupied by the battery is of some moment; and where 


intermittent charging only is resorted to, abseace of local — 


action is desirable. The battery under these circum- 
stances may have to stand idle for considerable periods, 
and it would not do for it to lose its charge while thus 
waiting. For traction purposes, where charging each day, 
or even several times per day, may be practiced, local ac- 
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tion is not such an objection, and the loss sustained there- 
by may be neglected. For some forms of vehicles, which 
may be only occasionally used, and may have considerable 
waits between the periods of use—waits which may ex- 


tion is essential. A fifth class of apparatus, in which stor- 
age batteries are now playing a most important part, is 
that of self-contained portable electric lamps, so largely 
used for medical and other purposes. In'this case ab- 
sence of local action, lightness and compactness, together 
with great mechanical strength, is absolutely essential. 
In many cases such cells are required to hold their current 
for many months, and this can only be obtained where 
there is little or no local action. Again, as the plates used 
in these small batteries are of small dimensions, the form 
of construction may be such as is not permissible in any 
other class of apparatus. 

As a convenient means of obtaining an cdetried cur- 
rent of small amount and of short duration, perhaps no 
electrical generator is so convenient and easily manipulated 
as a good form of primary battery. But, on the other hand, 
where cost is a consideration, or where comparatively 
large and continuous currents of uniform pressure are 
required, primary batteries are altogether out of the ques- 
tion. 

In the best types of primary batteries zinc is used as 
the decomposable element, and zinc may therefore be re 
garded as the fuel of this particular form of cell. Sul- 
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phuric acid is generally employed as the excitant fluid, 
and some form of oxidizing agent as a depolarizer is re- 
quired if only approximate constancy is aimed at. To pro- 


duce a unit of electrical energy it is found that, excluding ~ 


the cost of the depolarizer, zinc is fully twenty times as 


expensive as coal. Taking into account all losses in a — 


secondary battery, and allowing for an efficiency of, say, 
only 50 per cent, it follows that for continuous and regu- 
lar working for such a piece of apparatus as an electro- 
motor for instance, the maintenance of primary batteries 


would come out fully ten times more costly than that of 


a secondary battery. 


A subject which at the present moment is receiving a ~ 


vast amount of attention is the various means of pro- 
pelling vehicles over common roads. Not only is it of 
interest to electrical and mechanical engineers and car- 
riage builders, but it has been taken into serious consider- 
ation by all those responsible for the regulation of traffic 
in our large towns. The subject is of such huge impor- 
tance that it not only affects those whose business or 
pleasure calls for some rapid and safe means of transport 
from place to place, but it affects the safety and comfort 
of the ordinary pedestrian as well. Our present system 
of horse traffic is open to many objections, not only from 
a humanitarian point of view, but from its sanitarian and 
economic aspect as well. The streets in our large towns 
would present a vastly different aspect if, instead of horses, 
some other means of drawing our vehicles were used. 
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Much attention has been given to the application of 
steam, petroleum, and spirits to produce the necessary mo- 
tive power: but there is but little doubt that electricity 
will eventually supersede them all, not only on the score 
of economy, but owing to its freedom from heat, steam, 
disagreeable odour, and to the ease with which it can be 
manipulated. 

As to the probabilities of the self-contained electric 
motor-car comparing favourably with other methods, this 
will entirely depend upon its economic aspect. However 
great the convenience of electric power, however great its 
its reliability, ease of manipulation, sanitary aspect, and 


_ general convenience, the question as to whether it is best 


or not has still to be satisfactorily answered. In its pres- 
ent experimental stage trustworthy figures of the daily or 
weekly cost of up-keep cannot be expected. It is only by 
taking the average expenses incurred during months or 
years that anything like an accurate estimate can be ar- 
rived at. The initial cost and cost of maintenance of the 
batteries employed will be the controlling factor. What- 
ever turn the idea of electrically-propelled motor-cars may 
take, it must necessarily involve the use of some appara- 
tus for storing and giving out electrical energy. 

The desirable qualification of storage batteries of a 
semi-portable or portable character are—(1) Small weight, 
(2) Small bulk, (3) Great mechanical strength and dura- 
bility, and (4) Capability of withstanding very high rates 
of charge and discharge. 
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The cells which we shall now briefly consider are es- 
pecially devised with a view to fulfilling some, or all, of 
the above conditions. 

The “Marschner”’ Cell_—This battery was recently tried 
on the Dresden railways. The plates were stated to con- 
sist of the ordinary oxides of lead, incorporated with pow- 
dered amber and an essential oil. This mixture was said 
to “set” very hard, the resultant plate being of a tough 
metal-like nature. On the Dresden cars 144 cells of this 
make were used. The total weight of the complete battery 
was given as 5,290 pounds. The current efficiency of the 


battery was stated to be over 90 per cent, and if discharged 
at its normal rate—that was, 65 amperes—an energy ca- — 


pacity of about 8 watt-hours per pound of complete cell 
was obtained. 

Tommasi Cell—M. Tommasi was one of the first to 
construct storage battery elements on the tubular plan. 
Most of these tubular elements took the form of a per- 
forated tube made of lead or antimonial-lead, the inside 


being filled with active material. Recently a modification 


of this cell has been used for traction purposes in France — 


and elsewhere with some degree of success. In the trac- — 


tion cell perforated celluloid is used instead of the lead. 


In the centre of this is placed a plate of antimonial-lead | 


which forms the conductor. The intervening space is 


filled in with a semi-fluid paste of lead oxides. The ad-— 


vantages claimed for this construction are that disintegra- 
tion of the active material is prevented, and that the metal 
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core only being used as a conductor and support it is pro- 
tected in a measure from the corrosive action of the elec- 
trolyte by the lead oxides. 

Lhe “Sperry” Traction Cell_—This is an American pro- 
duction. The conductors are thin sheet-lead plates corru- 
gated horizontally and then pierced with trapezoidal holes, 
so as to resemble a corrugated grater. The active material 
used is one of powdered lead 80 parts, and 20 per cent of 
lead oxide, to which is added a small quantity of an al- 
kaline salt. The material is moistened, and applied to the 
conductor under a pressure of 1,000 lbs. per square inch, 
when a solid compact mass results. Before placing in the 
containing cell the elements are covered with a pyroxylin 
envelope, made from a coarse cotton cloth treated with a 
coating of pure cellulose. To prevent damage through 
jarring, the elements are placed in a vulcanite cell, and 
rest upon soft resilient ribs. 

The Sperry cell is said to give 1.75 ampere, 9.187 am- 
pere-hours, and 18.15 watt-hours per pound gross weight. 
at a 5.5-hour discharge, and 15.09 watt-hours at a 3-hour 
rate. 

The Sherrin Cell—This traction cell proved itself a 
success in the recent Automobile Clubs’ Competition, and 
seems to promise well. The Sherrin elements are built 
of rods, deeply grooved on one side and twisted up much 
in the same way as an American twist drill. These rods 
are made of lead, and to give lateral springiness holes 
are drilled at intervals through the thinnest part of the 


























58 Storage Batteries 


plate. To regulate the thickness of the layer of active ma- 
terial which is afterwards applied, a helix cut from an 


ebonite tube is passed over the metal core, and this serves — 


likewise to suppor! the paste. The idea is that the slight 


twisting and untwisting of the core and insulating helix 


provide for longitudinal expansion and contraction due to 
changes which may be produced during a charge or dis- 
charge. As an additional safeguard against damage, when 
the cells are used for motor-car work, a thin perforated 
vulcanite sheet is wrapped tightly round the rods. At the 
above competition this battery gave the highest mean ef- 


ficiency, viz. 70 per cent, and it was said to be the only 
battery whose cells did not fall below the prescribed limit ~ 


of 1.7 volt per cell. 

Niblett’s Traction Cell—The metallic conductor used 
in this form of cell is of small dimensions and light weight. 
It forms the backbone of a frame wherein the active ma- 
terial is contained, and is so arranged that all those parts 
immersed in the electrolyte and not covered by the ac- 
tive material are insulated. By this arrangement all the 
lead salts are brought under direct electrolytic action, and 
therefore uniformity of formation is ensured both in the 
initial processes and also in the charging and. discharging 
operations, and greater efficiency is obtained. 

The material employed in both the positive and nega- 
tive plates is not the usual lead oxides, but is a compound 
of lead salts produced electrolytically,.and is of a con- 


ductive nature. When set and properly seasoned, the ma- 
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terial is of a stone-like character somewhat’: resembling 
lithanode, but far more porous and conductive... The. con- 
ductivity is obtained by incorporating with ‘the ordinary 
chemically-prepared lead salts the electrolized oxides, and 
the porosity by mixing with the mass a smali quantity of 
an infusorial earth. The latter material is obtained na- 
tive, and consists of nearly pure quartz in a highly fibrous 
condition. This peculiar form of quartz is rather remark- 
able; it is exceedingly light, and is not affected even by 
concentrated acids at ordinary teraperatures, nor is it de- 
composed by electrolytic action. 

As in the case of lithanode, the resultant material pro- 
duced by the above process is of such a coherent and hard 
texture that, as a positive plate it may be used in the form 
of blocks or slabs, the conductor being merely clamped 
on to it, or it may be made in the form of pellets and 
have the metal conductor cast around it in the ordinary way. 

As separators between the elements a new material of 
a highly porous nature is used. This mixture is com- 
posed of kaolin and the same kind of infusorial earth as 
used in the active materials. This compocition, when 
mixed and thoroughly burned in a kiln, is exceedingly hard 
yet highly porous. 

By adopting the thin, rigid, porous, earthenware separ- 
ators, all possibility of short-circuiting is obviated, and the 
plates may be brought very closely together. 

A somewhat curious feature with reference to the above 
form of cell has been noticed. When on discharge, should 
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the containing-box in which the elements stand become 
broken and all the electrolyte escape, the cell will still 
go on discharging for a considerable period without in any 
way showing a falling off in its discharge rate. It is found 
that sufficient electrolyte is retained in the porous separa- 
tors and material to allow all the requisite chemical re- 
actions due to a discharge to go on. Tests have been made 
with sets of fully-charged elements which have been en- 
tirely removed from their electrolyte and thoroughly 
drained. In some cases as much as 50 per cent of the 
available energy at normal discharge rates has been ob- 


tained from cells so treated. This feature is of some im-_ 


portance, especially in cells used for traction or motor-car 
work, or under conditions where a broken containing-box 
would be liable to produce a complete break-down. 

The Fulmen Traction Cell. The following deserip- 
tion of this well known cell will serve to make plain the 
details of its construction, and operation. Small oblong 
pellets of the material are placed in a mould, and are con- 
verted into plates by running molten antimonial-lead round 
them. In the cells made for the Paris cab trials were six 
positive plates and seven negative. The total weight of 
each positive plate was 16% ounces, and of this’ about 
two-thirds consisted of the slabs of active material. The 
negatives each weighed 1314 ounces; 414 ounces of this 
was metal support. The total exposed area of positive 


surface was 325 square inches, and’ the total weight of © 
the complete cell was 164% lbs. The normal discharge was | 
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21 amperes, and at this rate the cells are said to have had 
a capacity of 105 ampere-hours, the current capacity be- 
ing 6.4 ampere-hours per pound of complete cell. 
Bristol’s Batteries.—Bristol constructs elements by in- 
corporating oxides of lead with binding material, such as 
asbestos fibre, animal hair, horn shavings, or some similar 
fibrous substance, which is capable of giving the mass just 
sufficient cohesiveness to retain its shape without the aid 
of a metallic support. The salts of lead, when mixed with 
from 1 to 3 per cent by weight of the fibrous material, 
are found to have sufficient mechanical strength to re- 
sist all ordinary disintegrating influences either mechan- 
ical or electrical. When the binding material has been 
thoroughly incorporated with the metallic oxides, it is 
moistened and made into a stiff pasty mass and pressed into 
moulds to give it the desired shape, and either a flat- 
tened lead wire or a platinum strip having lateral branches 
is inserted within the soft mass to act as a conductor. 
When dry, the masses are “formed” in an acid bath by the 
usual method. Distance-pieces of wood saturated with 
paraffin-wax are placed between the plates to keep them the 
proper distance apart. : 
The Pescetto Cell—This cell is an Italian production, 
and is said to derive its superiority from the highly po- 
rous nature of the active material used. The metalile sup- 


ports are of the grid pattern, and each aperture has prongs 


extending from the cross-bars. The lead oxides are mixed 
with a‘material made by boiling sugar in dilute sulphuric 
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acid. The same material is used for both elements. It 
is said that during the forming operation this binding ma- 
terial is eliminated, thus leaving the-mass in a highly 
porous‘state. The cells are made up in three distinct types, 
so as to fit them for various rates of discharge. Thus, 
we find that a range of from 0.69 to 6.9 ampere-hours per 
pound of cell. is obtained, while the period for recharging 
is said to range from 714 hours down to 15 minutes.. The 
energy capacity is said to vary between 8.85 and 2.28 watt- 
hours per pound of complete cell according to the nature 
of the material employed. 


The Gulcher Cell—This form of cell, known as the — 


“Woven-Glass Cell”, differs somewhat from the general 
run in that its conductive support is not entirely com- 
posed of metal. The supporting frame is of the “mesh” 
type, and in its construction parallel wires of lead are in- 
terwoven with threads of exceedingly fine spun glass. The 
wire is used as the “warp” thread, and the spun glass as 
the “woof”. The active material on being pasted on to 
this support entangles itself in its meshes, and becomes 
firmly secured. 

When assembling the elements pads of glass-wool, sim- 
ilar to that used by chemists to filter acids, are placed be- 
tween the plates, thus preventing the active material from 
detaching itself from its support. Plates built up on this 
plan have been, it is said, largely used with much success 


by several German firms of traction engineers. 
Pitkin’s Portable Accumulators——The Pitkin elements 
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are very simple in construction. They consist of small 
cast-metal plates, each having an outer raised rim on both 
of its sides, and a number of small tapered pins of the 
same height studded over its entire surface. To retain the 
plates at the requisite distances apart, and to prevent bend- 
ing and warping, small round vulcanite pins are screwed 
into the extremities of the positive plates, and are cut off 
of just sufficient length to allow them to slip tightly down 
between the two negative plates. Minium made into a 
stiff paste with dilute sulphuric acid is used for both pos- 
itive and negative plates. The forming is carried on in 
the usual way. 

Boese-Lutcke Traction Cells—This is another of the 
traction cells in which solid blocks or slabs of active ma- 
terial are used. Litharge is used for the negative and 
minium for the positive plates. These oxides are made into 
a paste by being mixed with a compound made from an- 
thracene dissolved in pure alcohol. The anthracene mix- 
ture is made by boiling this material in dilute acetic acid 
until it becomes a syrupy mass, when minium is added to 
it, and it is again boiled until the lead salt is entirely dis- 
solved. A small quantity of this compound is mixed in al- 
cohol, and this forms the solution for producing the paste. 
After being moulded into the desired shape, the elements 
are pierced with small holes to give them porosity, and 
when dry and seasoned, the pellets are placed in a mould 
and lead, or antimonial-lead is run in around them. The 
lead oxides prepared in the above manner harden very 
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quickly, and it is stated that the drying operation only 
takes a few hours. 

The “Lecoil” Traction Cell is somewhat of -a departure 
from the ordinary run of traction cells. In one form used 
for working a motor-car, each cell contains ten cylindrical 
porous pots constituting a set of positive elements. In 
each of these porous vessels is placed a metal core. The 
core is centrally fixed, and the whole of the space is then 
filled in with lead oxides in a pasty condition, Sur- 
rounding each of these solid elements is a thin copper 


gauze cylinder; these when joined up constitute the neg-._ 


ative element. ‘The solution used is said to be a mixture 
of the sulphates of cadmium, magnesium, and zine. Dur- 
ing the forming the oxide in the porous vessels is converted 
into peroxide, while the zinc, and probably the cadmium 
and magnesium, are deposited on the copper mesh. Dur: 
ing the discharge the oxide of lead is reduced in the ordi 
rary way, and the metal on the copper re-enters into solu- 
tion. The open E.M.F. when newly charged is given as 
2.55 volts per cell, and the energy capacity is 12 watt- 
hours per pound of complete cell. Another advantage 
slaimed for this cell is that it can be discharged at very 
high rates without injury, and also that the presence of 
the cadmium and magnesium prevents the violent local 


- action so destructive to most forms of lead-zine cells. 
The Edison Motor-Car Cell—The following description 


vf this cell is given by Dr. Kennelly. 


“The negative pole or positive element is iron, the pos: 
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itive pole or negative element is a superoxide of nickel 
believed to have the formula NiO,. The electrolyte is 
potash, viz. an aqueous solution containing from 10 to 40 
per cent by weight, but preferably 20 per cent, of potas- 
sium hydroxide. 

“The initial voltage of discharge after recent charge 
is 1.5 volt. The mean voltage of full discharge is ap- 





FIG. 19.—EDISON’S ELEMENTS 


proximately 1.1 volt. The normal discharging current 
rate per unit area of active element (positive or nega- 
tive) is 8.64 amperes per square foot. The storage capacity 
of the cell per unit of total mass of the cell is 14 watt- 
hours per-pound of battery. The mean normal discharg- 
ing power-rate: per unit mass of total cell is 4 watts per 
pound, corresponding to a normal discharge period of 314 














66 Storage Batteries 


hours. The cell may, however, be discharged at a rela- 
tively high rate, in approximately 1 hour, corresponding 
to a discharging power-rate per unit of total cell mass of 
12 watts per pound.” 

“Rach plate is formed of a comparatively thin sheet 
of steel, 0.024 inch in thickness, in which rectangular holes 
are stamped, so as to leave a grid or frame, somewhat re- 
sembling a window-frame. Each opening or recess is filled 
with a pocket or shallow box containing the active ma- 
terial. These pockets are perforated with numerous small 
oles to admit the electrolyte, but entirely conceal the 
contained active material from view.” 

“The active material is made in the form of rectangu- 
lar cakes or briquettes, and one such briquette is lodged 
in each pocket or ‘window-pane’ of the plate. Each of the 
plates, therefore, supports, or contains, twenty-four bri- 
quettes of active material, all in rigid contact with its 
own substance. Each briquette is placed in a shallow, 
closely-fitting nickel-plated box of thin perforated cru- 
cible steel, cut from a long strip of that material 0.003 
inch thick. A cover or lid of the same material is then 
jaid over it, so that the briquette is closely enveloped by 
the sides and walls of its perforated steel box. The boxes 
are then placed in the openings or holes in the nickel- 
plated steel grid, and closely fit the same. The assembled 
plate is then placed ima hydraulic press and subjected to 

a total pressure of about 100 tons. This pressure not only 


tightly closes the boxes, but it also forces their metal sides” 
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over the adjacent sides of the recesses in the steel grid 
thus clamping the whole mass into a single solid and rigid 
steel plate, with the hollow ‘window-panes’ full of active 
si The finished plate has a grid thickness of 0.024 
inch, and a ‘window’ or pocket thickness of 0.1 inch (2.5 
mm.).” 

“The positive briquettes are made by mixing a finely- 

divided compound of iron, obtained by a special chemical 
process, with a nearly equal volume of thin flakes of 
graphite. The graphite does not enter into any of the 
chemical actions, but assists the conductivity of the bri- 
quettes. The graphite is divided into very thin lamine by 
a chemical process, and these are passed through sieves or 
screens so as to leave a size and area of flake that is much 
larger than the area of the perforation in the steel win- 
dows. The mixture is then pressed into briquettes in a 
mould, under a hydraulic pressure of about 2 tons per 
equa inch. The briquettes have a surface area of nearly 
3 inches by 114 inch on each face.” 
“The negative briquettes are made by similarly mix- 
ing a finely-divided compound of nickel, obtained by spe- 
cial chemical means, with a nearly equal bulk of fine flakes 
of graphite, and solidifying the mixture in a mould into 
briquettes of the same size as above.” 


“In charging, the current deoxidizes or reduces the com- 
pound to spongy metallic iron, and carries the oxygen 
through the film of electrolyte to the nickel compound 
oxidizing it. tothe superoxide of nickel, :NiO,,\ a higher 
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oxide than the peroxide. In other words, the charging 
current simply carries oxygen in the opposite direction, 
against the forces of chemical affinity, from the iron to 
the nickel, and stores the energy in the reduced iron, which 


is, of course, unaffected and passive in the presence of the — 


potash solution. On discharge, the oxygen moves back 
against the current and partially reduces the nickel su- 
peroxide NiO, while oxidizing the spongy iron.” ’ 
“In the new Edison cell the theoretical action of the 
potash solution is merely to provide the proper channel 
through which the oxygen irons may travel in one direc- 
tion or the other—positive plate to negative plate in charge, 
and negative plate to positive plate in discharge. Con- 


sequently the amount of solution needs only to be suffi~ 


cient to fulfil the mechanical requirements. It is be- 
lieved that the weight of solution will in practice be only 
about 20 per cent of the plate weight or about 14 per cent 
of the cell weight. In fact, the cell may be worked in the 
same manner as the so-called primary ‘dry-cells’. More- 
over, if the solution should escape or be carried away, 
by gassing in charging, the only detriment seems to be 
the loss of active surface thereby occasioned, and it will 
only be necessary to fill up the cells to the proper leva 
with water from time to time, as evaporation or gassing 
may lower the level. For the same reasons, the specific 
gravity of the electrolyte does not appreciably vary dur 
ing charge and discharge.” 

“The briquettes of active material slightly expand on 
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receiving oxygen, and slightly contract on delivering it. 
The level of the solution is in this way scarcely affected. 
The expansions and contractions of the briquettes appear 
to be well within the elastic limits of the spring-steel con- 
taining-boxes, and consequently the electric contact is 
always secure. The covers or sides of the window-pockets 
merely approach to, or recede from each other slightly dur- 
ing charge or discharge. Fortunately, steel is the metal 
which possesses this mechanical elasticity in a marked 
degree.” 

Classes of Batteries.—Batteries used on electric vehicles 
can be divided into two classes: those used for pleasure 
vehicles, and those used for commercial delivery wagons 
and trucks. The type of battery is, in general, the same. 
In commercial service, however, the batteries run to much 
larger sizes, and, in consequence of this, as well as the less 
resilient spring and tire action, they are of necessity as- 
sembled in a more heavy and substantial manner. Stor- 


‘age batteries consist of the following elementary parts: 


positive plates, negative plates, separators, straps, jars, 
covers, connectors and crates. 

Sizes of Plates. The plates are made of different sizes, 
but the two sizes most used are the MV, 85¢ inches high by 
584 inches wide, and the PV, 85% inches high by 434 inches 
wide. The MV is rated at seven amperes per positive plate 
for four hours, and the PV at six amperes for four hours; a 
sufficient number of plates are assembled in each cell to give 
the required capacity, and a sufficient number of cells are 
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connected in series to give the required voltage. Each cell 
consists of a rubber jar, an element and electrolyte. The 
rubber jar consists of a deep rectangular box of hard rub- 
ber, with walls one-eighth of an inch thick, more or less, 
according to the size and service. In the bottom of the 
jar, and made integral with it, are bridges or ribs of 
height consistent with the service, and whose function 
it is to support the weight of the element and to provide 
space, into which is deposited the sediment thrown off by 
the plates with wear. 

Standard Capacity. Present practice is to rate bat~ 
teries on the basis of their four-hour capacity; for in- 
stance, a nine-PV cell is rated at twenty-four amperes 
for four hours; the eleven-MV cell is rated at thirty-five 
amperes for four hours. The reason for this is that pres- 
ent practice is to so construct the vehicles that at an aver- 
age current consumption they will run for about four 
hours. 
from 15 to 25 per cent above their rated capacity. 

Number of Cells. 
est number of cells that it is customary to use, as more 


Exide batteries, with proper use, may be used 
From forty to forty-two is the larg- 


than this number cannot be charged in series from a 110- 
volt lighting circuit, and, without special and inconven- 
ient apparatus. It is bad practice to charge batteries in 


parallel. In the smaller equipments, where the use of 


forty or forty-two cells would necessitate cells of very 
small size, it is common practice to use fewer cells of a 


larger size. 


Storage Batteries va 


Rubber Covers. In pleasure vehicles service it is cus- 
tomary to enclose the cells with a tight-fitting rubber cover 
resting on the plate straps, slightly below the top of the 
jar, and to seal the joints with sealing compound, placing 
a rubber plug in a hole in the center of the cover for filling 
cells with water to replace evaporation, the plug being 
supplied with a small hole for the escape of gases. In 
commercial service, covers are often dispensed with alto- 
gether, as the batteries are usually in service a greater 
proportion of the time, and require filling and inspection 
much oftener. Where covers are used to prevent splash- 
ing, they usually rest on special supports and are seldom 
sealed. 

Wood Separators. The separator, which has proved by 
experience to be the most successful, consists of a piece 
of wood with parallel grooves about one-quarter of an 
inch wide, spaced close together and plowed out on one 
side. The plain sides are placed directly against the face 
of the negative plates. A thin sheet of perforated rub- 
ber is placed against the grooved side of the wood and 
rests against the face of the positive plate. The wood is 
given a special treatment so as to remove any substances 
contained in it that would otherwise do damage to the 
plates. 

Straps. The element consists of positive and nega- 
tive plates burned to straps, and kept apart by separa- 
tors interposed between the positive and negative plates. 
In assembling an element, a negative plate is laid down 
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with a separator on it, then a positive plate, separator, 
negative plate, and so on. The plates are so placed that 
all the lugs of the positive plates are on one side and 
all the lugs of the negative plates are on the other side. 
A strap, consisting of a flat strip of lead or lead alloy, 
having rectangular openings in it of the same dimensions 





FIG. 20.—METHOD OF BURNING STRAP IN PLACE 


as the cross-section of the lug of the plates, these open- 
ings being spaced to register with the lugs, is then placed 
over the plate lugs of the positive plates, and a similar 
strap is placed over the lugs of the negative plates. The 
lugs are then burned into integral union with the straps. 
In pleasure vehicle service it is customary to make the 
plate lugs comparatively short, so that the straps are some- 


what below the top of the jar, and a cover consisting of ~ 
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a rectangular piece of hard rubber is placed on top of the 
straps, which are furnished with projections extending 
through holes in the cover, and by which the cells are 
In commercial service the 


connected by burned joints. 
batteries are usially assembled with top straps, and the 
plate lugs extend above the top of the jar, the strap having 





FIG. 21.—METHOD OF CHARGING STORAGE BATTERIES 


two rows 0. holes in it, one row being placed over the 
corresponding row of plate lugs of one cell, and the other 
row of holes being placed over the plate lugs of opposite 
polarity in the adjoining cell, and the cell is completed by 
burning the lugs to the straps, which, in this case, them- 
selves make the connection from cell to cell, an arrange- 
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ment for burning the battery straps in place being shown 
in Fig. 20. 

Rate of Charging—As a rule, the manufacturers of 
storage cells will give the rate at which a battery should 
be charged. This rate of current is maintained constant on 
the battery by means of a rheostat until the voltmeter shows 
that the voltage has risen until it averages about 2.5 volts 
for each cell. The current should then be reduced to about 
one-half of that original amount. The voltage will then 
drop, but the half-rate charging should continue until the 
voltage again rises to about 2.5 volts per cell. The arrange- 
ment of connections is shown in Fig. 21. 

If it is necessary to charge the batteries ina hurry, the 
excess of charging current should be used during the first 
part of the charge only, and never at or near the end of 
the charge, which should always be conducted according 
to directions. 

Recharging.—Since the average voltage of a storage cell 
is about two volts, it is time to recharge a battery when 
its voltage drops to 1.75 volts per cell. It should not be 


exhausted to a lower voltage than this, because the bat- © 
teries will deteriorate very rapidly after the voltage falls — 


below this amount. As a rule it is not advisable to re- 
charge a battery unless its charge is at least one-half ex- 
pended, and the length of charge given it, if only partially 


exhausted, should be proportioned to the fraction of the 
charge which is estimated to have been utilized. The 
charge in ampere-hours to be given a partially discharged 
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battery is often taken as the estimated ampere-hours of 
discharge, plus 15 or 20 per cent. 

Temperature When Charging.—The temperature of the 
cells should be carefully watched during the charge, and 
if they become very hot to the touch the current may well 
be reduced, or the charge may be discontinued long enough 
to allow the cells to resume a safe temperature. Don’t 
ever allow the temperature to rise above 100 degrees F. 

How to Test Cells—When testing cells, a low-reading 
yolt-meter should be used to determine the voltage of each 
cell. The cell voltage should be taken when the battery 
is discharging. This may be done by connecting the battery 
to arheostat. Any cells which register a low voltage should 
be marked for future attention. The low cell may be 
brought up to its proper voltage when the whole battery is 
recharged, but if it remains low after recharging, it shows 
that the cell is either short-circuited or plates have de- 
teriorated. 

The specific gravity of the cell is tested by means of a 
hydrometer. When fully charged, the cell should show a 
gravity of about 1.250 specific gravity, or 28 degrees Baume. 
If, when testing the charged cells, any one is found which 
has a smaller density, it will be found that for some reason 
it is not in the proper condition. The arrangement of bat- 
teries connected for test discharge is shown in Fig. 22. 

Level of Liquid—tIt is customary to keep the liquid 
within the cells at such a height as to fully cover the 


elements. If the level is reduced, spilling or bubbling, fresh 











76 Storage Batteries 


electrolyte of the proper gravity should be added to replace 
the loss. In case the loss has been occasioned by evapora- 
tion, the proper quantity of distilled water should be added. 

Why Cells Are Short-Circuited—Sediment which forms 
in a cell may be due to the active material scaling off the 
plates from the effects of hard service, jarring or an ex- 
cessive rate of charge, and cellecting in the bottom of the 
jars. If it collects in sufficient quantity it may bridge 


FIG. 22.—METHOD OF TESTING BATTERIES 


tthe positive and negative groups of plates and short-circuit 
the cell, destructively discharging it. Sometimes the 
' separators of the opposing groups of plates of a cell become 
bridged by sediment, and a short-circuit results. A short- 
circuited cell will generally head badly, and lose its voltage 
and charge rapidly. It is essential that sediment be re- 
moved from the: jars, and the jars thoroughly washed out 


before much sediment collects. The plates should be ex- 


posed to the air as short a time as possible. In case a 
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cell appears to be internally short-circuited or otherwise 
defective, so that it cannot be brought up to a proper 
voltage, the cell should be replaced or given a special 
charge. 
Sulphating.—When a battery is over-charged, or when 
it is allowed to discharge for any length of time, the 


plates will deteriorate. This effect is known as sulphat- 


ing, because sulphate of lead is formed under these con- 
ditions. The effect of this sulphating is to prevent the 
cells from working properly. To prevent this condition, 
the batteries should never be allowed to fall below a certain 
voltage, and the battery of any car which is out of regular 
service should, at intervals of three or four weeks, be dis- 
charged through a rheostat, or otherwise, and then given 
a full fresh charge. 

Preparing the Electrolyte—The electrolyte or liquor 
for a storage battery, is a mixture of pure distilled water, 
and pure sulphuric acid ; about five volumes of water to one 
volume of chemically pure sulphuric acid. 

If the acid is not chemically pure it should be tested 
for hydrochloric acid, iron, and nitric acid. The acid 
should always be poured into the water, because if the water 
is poured into the acid an explosive ebullition may take 
place which would throw the acid about. _The mixture will 
be hot at first. After it has cooled it should read 1180 
to 1250 on the hydrometer. The mixture should be 
thoroughly cooled before it is poured into the cells. A lead 
lined vessel is the best for mixing the solution in. 
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STORAGE BATTERIES IN RATLWAY WORK 


The storage battery plays an important part in modern 
: railway practice, on both steam and electric lines. Espe- 


cially is this the case on steam railroads, since the light- 
ing of passenger cars by electricity has been almost univer- 
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FIG, 23.—STORAGE CELL 


sally adopted. While the train is in motion the small 
generator which supplies the current for the lamp is driven 


from the car axle, but when the train stops, the generator 


stops also, and the necessary current must be furnished 
from some other source, and the storage battery or accumu- 
lator is that source. This type of battery is also used in 
many cases to supply power to operate.switches on elec: 
tric locomotives, and motor cars, and also for operating 
block signal systems. In power houses, storage batteries 
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are used as a reserve supply of power, and act as a steadier 
of the load on the generators. 
Figures 23, 24 and 25 show various forms of storage bat- 
teries intended for both stationary and portable service. 
American Storage Battery—The construction of this 
battery is illustrated in Figures 26 and 2%. As shown in 
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FIG. 24.—PORTABLE STORAGE CELL 


Fig. 26 the lead plates are grooved in a horizontal direc- 
tion, and the grooves incline upward. This is for the 
purpose of preventing the salts (peroxide) of lead formed 
on the plates from dropping to the bottom of the cell. Fig, 
27 shows the plates ready to be placed in the cell. These 
plates are made of pure lead, and are insulated from each 
other, the insulating strips being notched at the ends, and 
three of them placed between each two plates, as shown in 
Fig. 27, the whole being held together by three strong 


\ 
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rubber bands which are stretched around the plates and 
lie in the notches cut on the ends of the insulating strips. 
Connection to the outside circuit is made by attaching the 
wires to the two bent strips shown at the top in Fig. 2%. 
Chloride Cell_—In storage batteries of this type the 
plates are in the form of lead grids, the small spaces or 
squares being filled with lead chloride mixed with zine 





FIG, 25.—BICYCLE CELL 


chloride, melted and then cast into small tablets about 34 
inch square and of the thickness of the negative plate which 


according to the size of the cell varies from 14 inch to 5/16 _ 


inch. These tablets are then placed in molds, being held 
there by pins so that they clear each other about 0.2 inch 
and are at the same distance from the edges of the mold. 
Melted lead is then forced into the mold under 75 pounds 
pressure, completely filling the spaces between the tablets. 
This makes a solid lead grid holding small squares of 
active material, 4s shown in Fig. 28. 
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Hdison Storage Battery.—The new. Edison storage bat~ 
It is at present (1912) made 
A cell having four positive poles is termed 


tery is known as type A. 
in three sizes. 
A-4; a cell with six positive plates is termed A-6; and a 
cell having eight positive plates is called A-8. The follow- 
ing description and illustrations refer to cell A-4. Cells 
A-6, and A-8 are made in the same way as A-4, except that 
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they contain more plates, and consequently are larger. As | 
before stated, each cell of the A-4 type contains four posi- | 
tive, and five negative plates. Each positive plate consists 
of a grid of nickel plated steel holding thirty tubes filled 
with the active material, in two rows of fifteen each, see 
Fig. 29. 
perforated and nickel plated. Each tube is reinforced 


These tubes are made of very thin sheet steel, 


and protected by small ferrules, eight in number, which 
prevent expansion, thereby retaining perfect internal con- 
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tact at all times. The active material, pulverized carbon, 
inside the tubes is interspersed with thin layers of pure 
metallic nickel in the form of leaves, or flakes. 

This nickel flake is manufactured by an electro-chemical 
process. 

A negative plate comprises in its make up twenty-four 
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FIG. 27.—SET OF ELEMENTS OF AN AMERICAN STORAGE BATTERY CELL 


flat rectangular pockets supported, in three horizontal rows 
in a nickel plated steel grid. 
The pockets are made of thin nickel plated steel, per- 


forated with very small holes, each pocket being filled with . 


an oxide of iron-similar to what is usually called iron rust. 


tween the can and the side and bottom edges of the plates. 
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In the negative plate each pocket is subjected to very 
heavy pressure so that it becomes practically integral with 
the supporting grid. The can in which the plates are as- 
sembled is made of sheet steel, welded at the seams by the 
autogenous method, thereby making leakage, or breakage 
from severe vibration, practically impossible. The walls of 
the can, or container as it is sometimes called, are corru- 
gated so as to give the greatest amount of strength with a 


| 
| 
| 
| 


minimum weight. The can is electro-plated with nickel, 
and a close union of the steel and nickel is attained by 
fusing the two metals together, making them practically 
one metal. The coating of nickel protects the steel from 





rust, and gives the cell an attractive appearance. 

Fig. 30 shows the cell ready to be connected up. In a 
cell the positive and negative plates are assembled alter- 
nately, and connect, the positive plates with the positive 
pole, and the negative plates with the negative pole. The 
plates of each group are hung on a connecting rod perpen- 
dicular to, but integral with the pole. 

They are correctly distanced on this rod by nickel plated 
spacing washers, and held firmly in contact by nuts screwed 
on both ends of the rod. ei 

Fig. 31 shows the plates as they appear when assembled, 





before being placed in the containing can. Both the two 
outside plates are negative, and their outer surfaces -are 
insulated from the walls of the can by hard rubber sheets, 
while specially designed hard rubber pieces are fixed: be- 
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These together with hard rubber rods inserted between the 
plates, maintain correct spacing of the plates at all points, 
and insure permanent insulation. These insulating strips, 
together with the bottom insulator, are shown in Fig. 32. 


The hard rubber insulating frames for the edges of the — 





FIG. 28.—CHLORIDE ACCUMULATOR 


plates appear in Fig. 31. Each cell has a cover which is 


welded in place by the same autogenous process used for 
the side and bottom seams of the can. 
This cover, on which there are four mountings, is shown 


in Fig. 33. 


Two of these mountings are the stuffing boxes through © 


which the positive and negative poles extend. One of the 
other two is the ‘‘separator,’’ so called because it sep- 
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arates spray from the escaping gas while the battery is 
charging. This prevents loss of electrolyte, and renders 
the gases inodorous. The fourth mounting is an open- 
ing for filling the cell with the electrolyte, and for add- 
ing distilled water to take the place of that which evap- 
orates. This opening has a water tight cap held in 
place by a strong catch. 

The electrolyte consists of a 21 per cent solution of caus- 
tic potash in distilled water. In order to keep the elec- 
trolyte in proper condition, only water need be added from 
time to time to replace that lost by evaporation, 

The average discharge voltage is 1.2 volts. An A-8 type 
battery charged with the normal 420 ampere hour input 
will give an output of 300 ampere hours. When in service 
the solution should never be allowed to go below the 
top of the plates. The proper height of the solution is 
one-half inch above the top ends of the plates. It is best 
to always fill the cells with the solution, before charging, 
for the reason that in charging, the solution is raised to 
a false level. If the battery is in constant service, that is 
receiving a full charge each day, the electrolyte should be 
renewed once every eight or nine months, but when the 
battery is not used continuously a renewal once every year, 
or year and a half is ample. 

Lead-zinc Storage Battery.—In this cell the positive 
plate is made of perforated lead sheets riveted together 
with lead rivets, and formed by the slow process of charg= 
ing and reversal, which has already been described. The 
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negative element, or plate, is a zinc amalgam which swells 
up, or expands when it is charged. 

This amalgam lies on the bottom of the jar, while the 
lead element is suspended above it. The voltage (E. M. F.) 
given by these cells is slightly higher than that given by the 
lead-lead cell, and they weigh less for the same capacity. 

They are excellent for signal work, but for reserve power 
the lead-lead cell is to be preferred on account of its ability 
to withstand severe usage. 

The cells are mounted in trays in manner shown in Fig. 
34. These trays are of wood, having attached thereto metal 
cradles for holding the cells, and metal clamps on top for 
securing them in place. 

The electrical connections between cells is then effected, 
the positive pole of one cell being connected to the negative 
pole of the next, and so on. These connections fit over the 
tapered poles or terminals of the cells, and are brought into 
intimate contact therewith by the nuts which screw on the 
ends of the poles. Therefore, to remove a cell from a tray, 
or to disconnect one cell from the other, it is only necessary - 
to remove the nuts, and by means of a small jack, pull the 
connections off the pole. 

Charging Storage Batteries—This subject has already 
been discussed to some extent, (see page 74), but a few 
additional hints may not be out of place. 

Storage batteries cannot be charged with alternating cur- 
rent. The current must in all cases be direct. 


Should the only available source be an alternating cur- 
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rent circuit the conversion to direct current may readily 
be accomplished by means either of a mercury are recti- 
fier, or a motor generator set. : 


The following table shows the voltage necessary to charge 
various numbers of cells: 


20 cells require line voltage of 387. volts | 
24 cells require line voltage of 44.4 volts 


28 cells require line voltage of 51.8 volts 
32 cells require line voltage of 59.2 volts 





36 cells require. line voltage of 66.6 volts 
40 cells require line voltage of 174. volts 


44 cells require line voltage of 81.4 volts 
48 cells require line voltage of 88.8 volts 
52 cells require line voltage of 96.2 volts 
56 cells require line voltage of 103.6 volts 
60 cells require line voltage of 111. volts 
64 cells require line voltage of 118.4 volts 
68 cells require line voltage of 125.8 volts 
72 cells require line voltage of 133.2 volts 
76 cells require line voltage of 140.6 volts 





80 cells require line voltage of 148. volts 





A battery should be charged according to the amount of 

A work to be accomplished. A seven hour charge at the nor- 
mal rate is arbitrarily chosen as normal, for the reason 

that a battery will retain good efficiency up to this point. 





This, however, is not fixed. The length of charge may be 


FIG. 30 
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varied at will, the highest practical output being reached on 
a ten-hour charge. 

Overcharging, however, necessitates frequent filling of 
cells, and wastes current. Aside from this the result of 
over-charging is in no way harmful, provided the tempera- 
ture rise is not excessive, it being advisable not to allow 
it to exceed 100° Fahr. at any time while charging. 

While it is recommended in the case of the majority of 
storage batteries, that the charging current be reduced 
toward the close of the process of charging it has been 
found that in charging the Edison storage battery under 
ordinary circumstances it is not necessary to cut down or 
lower the rate as the charge progresses. 

Charging may be done at double the normal rate for a 
one-hour boost, without injury to the battery. 

The following table will show the normal rate of charge 
and discharge, also rated ampere-hour capacity and average 
discharge voltage of the various types of the Edison storage 
battery in its present form: 

Normal Ampere Length 


Charge Hour Normal 


Rate Input Charge Output Voltage 


30 
45 
60 


210 
315 
420 


7” hours 
7? hours 


Y hours 


150 
225 


300 


1.2 
1.2 
1.2 


Fig. 35 shows characteristic charge and, discharge curves 


of the A-6 type Edison storage cell. 





Storage Battery Charging in Railway Signal Work.* 

There is a great diversity of practice in regard to the 
methods of charging storage batteries for railway and 
signal work. This is undoubtedly due to the fact that the 
installations are made over a very wide territory; that the 
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engi’\eers are more or less unacquainted with what the 
others are doing, and due to the lack of literature, or 





*From a committee report presented at a meeting of the 
Railway Signal Association, Chicago, March 18, 1912, and 
published in the Railway and Engineering Review, March 
19, 1912 issue. 
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precedence in regard to previous practice and experi. 


ence. There are several general methods in use: the’ 


charging line system, the portable battery system, ané 
the primary battery system are all in use by prominent 
railroads. 

The charging line system is particularly adapted to 


two or four-track line, where the length of the blocks is L 
minimum and traffic is more or less dense. Under these. 


either side of a power house location, with a 600-volt d. & 
supply, is found most satisfactory. This voltage admits 


a fairly long section, and on the other hand is the prac- 


tical limit consistent with the safety of men working om 
lines. In such cases the charging plants are so located 
that in case of a power plant failure the adjoining power 
stations on each side can charge through at a low rate a ds 
maintain the section in which the power plant has faile d. 
An alternative system would be the installation of power 
houses at a maximum distance apart, with a portable set, 
or an emergency charging car held at a central statio: 
that the same can be readily transferred and connecte 
to a point where a power plant may have failed. 


For portable batteries the arrangement for charging’ is 
very simple, it being only necessary to provide a charging” 


apparatus which will economically provide the necessary 


i. 


range in order to charge the maximum and minimum num- _ 


ber of batteries which will have to be charged at the same 


time. 
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This system is in very extensive use on single track roadg 
or in territory where the traffic is not congested It has 
been the general practice in the past to provide portable 
batteries for the working of the signal mechanism and con- 


FIG. 34.—FOUR A-4 CELLS IN TRAY COMPLETE. ONE CELL HAS FILLER 
CAP OPEN TO SHOW CONSTRUCTION 

trol circuits only, retaining the gravity track batteres in 

service. However, it would probably be economical to ‘ex- 

tend the system to the track circuit supply, also using the 
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necessary number of cells in multiple, so that the track bat- — 


teries would require recharging at the same intervals as 


the signal batteries. 


Gravity battery is also used to a certain extent for the 


charging of signal batteries. Under this system the storage 
batteries are floated, and a very positive energy is pro- 
vided for the operation of the signals. This arrangement 
will, of course, require the frost-proof battery wells and a 
large amount of labor in renewing gravity batteries. The 
advisability of such a system, in comparison with the others, 
can be worked out on a dollars-and-cents basis, considering 
the interest cost on original investment, in comparison with 
the maintenance cost of the various systems, and a result 
be determined upon which is the most practicable for the 


local conditions. 


Fig. 36 shows efficiency curves comparing two methods ~ 


of charging as pursued by the signal department of various 
railways. In actual practice the question of a charging set 
generally resolves itself into a mercury are rectifier, a motor 


generator set or a steam or gasoline engine set, as may be 


' adapted to the local conditions, and the availability and cost 
of an electrical or steam power supply to the location of 


the proposed set in relation to fixed attendance which will — 


permit their being operated without additional help. At 
points where a steam supply is accessible to a signal main- 
tainer’s headquarters, very satisfactory service can be ob- 
tained from a steam generating set. Such an arrangement 


is particularly adaptable to a pumping plant on the railroad. ~ 
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At these points the generating plant can be operated by 
the pumpman without other additiorial expense to the 
railroad than the coal consumed. A number of such instal- 
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lation are in service and are giving very satisfactory service. 
Of course, questions arise as to the proper distribution of 
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charges between the motive power and signal departments. 
However, there is no questicn in regard to the saving to the 
railroad. 

At other points where electrical power is available and 
reasonable rates for the same.can be secured, a motor gen- 
erator set, or mercury are rectifier would give the best re- 
sults.: The rectifier is limited to a voltage of 175, and for 
currents between 5 and 50 amperes. For such conditions 
the rectifier is preferable to the motor generator set, due to 
the higher efficiency. Practice has not developed any great 
difference in the cost of attendance or maintenance between 
a mercury arc rectifier and a motor generator set. These 
methods of power supply are particularly adaptable for loca- 
tions where, similar to the pumping stations, fixed atten- 


dance is on hand. Installations where the generating sect | 


has been placed in the operating room of a tower and at- 
tended by the regular leverman are giving very good re- 
sults, with no additional expense for operation over the 
fixed charges for the entire operation of the interlocking. 
However, such an arrangement is not recommended for 
general practice. At other points the sets are installed in 
signal work shops where men are at work who can look 
after the same in addition to their regular work. Rectifiers 
and motor generators can also be operated economically at 
large interlockings where the time of the maintainer is 
practically all employed in the vicinity of the tower, it 


being only necessary for him ‘to make an occasional inspec+ 


tion of the apparatus.. 
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Fig. 37 shows the relative floor space occupied by various 
charging outfits employed in this class of work. 

A gasoline engine charging set requires’ more floor space, 
more attendance, a greater original cost and greater fuel 
cost than the arrangements suggested above, and, conse- 




















quently, should not be installed until after a thorough in- 
vestigation has been made of all other methods of charging. 
There are, however, a considerable number of these sets 
in service in railway ‘signal work, and very’ satisfactory 
operation is secured from them. 

In rare cases direct current can be obtained under proper 
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conditions for the charging of signal batteries. When 
this exists we have an ideal condition, as practically no at- 
tendance is required, and if the cost of power is reasonable, 
and the voltage such that a large fixed resistance does not 
have to be used, this system is better than any of the others 


OC.-OC MOTOR -GENERATOR 


A.C.-O.C MOTOR GENERATOR 


MERCURY APS 
RECTIFIER 


FPELATIVE FLOOR SPACE OCCUPIED BYsTnww 
BATTERY CHARGING OUTPUTS 


FIG, 37 


mentioned. It is, however, almost impossible to. secure 


- direct current under the necessary requirements. 


It is considered that a grounded system, such as is used 


for trolley supply, can be properly used for the charging of 
storage batteries at an interlocking, or at a portable 
charging station where all connections are handled by a 


man who is, to a certain extent, experienced in the work 
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and to whom all the connections are readily visible or 
accessible. It is not, however, considered good practice 
to use a grounded system for charging line work, as the 
danger from loss of current, or injury from grounds is 
considered too great; and, in some cases, the voltage of 
the trolley system will vary to such an extent that con- 
stant attendance will be required at the switchboard. 

Preliminary reports were received in regard to jelly elec- ~ 
trolyte. These varied so greatly and were so inconsistent 
with each other that it is necessary that further investiga- 
tions be made before a report can be offered to the asso- 
ciation. 

The committee desires that the association consider the 
following corrections in the present specification for lead 
type portable storage batteries. These changes are sub- 
mitted in paragraph form, so as to readily permit of con- ~ 
sideration and discussion before being incorporated in the 
language of the specification : 

(a) The use of soft rubber edges on cell cuvers should 
be discontinued. 

(b) The table of sizes and number of cells should be 
revised so that all the sizes will be based on the eight- 
hour discharge. This is necessary, so that all manufac- 
turers will be in position to know the exact size of battery 
required, and so that our cells may be of a commercial 
rating that is a standard for most other types of cells. 

(c) Cases should be made of well-seasoned hard wood, 
either maple, ash or oak. 

















| 
} 
H} | 
| 
| 
| 


102 : Storage Batteries 


(d). The wooden parts, instead of being painted with 
asphaltum, should be treated in boiling paraffin. 

(e) The bevel on the inside of the top of the case should 
be eliminated. 

(f) The supporting hard rubber rib in the bottom of 
the jar should be not less than three-sixteenths of. an inch 
on the top. 

(g) The rubber jars should be able to withstand a high 
voltage insulation test. 

(h) The connections between the cell and terminal 
post in both types of cell shall'be made with lead pipe. 

(i) The maximum specific gravity should be given ag 
1.285 instead of 1.300 at 70 degrees Fahrenhcit. 
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Books That Really Teach 


you the things you want to know, and in a 
simple, practical way that you can understand 


Our illustrated catalogue, which will b t you fr 
request, tells all about the Practical Mechanical Books for 
Home Study that we publish. 


There are popular priced 
books on the operation of 
trains and station work, prac- 
tical mechanical drawing and 
machine designing, pattern 
making, electrical railroading, 
power stations, automobiles, 
gas engines, electrical wiring, 
armature and magnetwinding, 
dynamo tending, elementary 
electricity, wireless telegraphy 
and telephony, carpentry and 
architecture, concrete con- 

struction, plumbing and heat- 
ing, sign and house painting, 
amusements, etc., etc. 
No ee what Seis 
tion or desire for kno 

may be, we publish books written by authorities in 

their different lines that will give you just the training and 

information that you want and n 


Write today for this up-to-date and complete illus- 
trated catalogue and popular price list. It is free. 
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STANDARD BOOKS for 


ELECTRICAL 
WORKERS 


Wrtiten by Practical Men For 
Practical Men 


HENRY C, HORSTMANN 


and 
VICTOR H. TOUSLEY 


have to do with electricity. 


Books 


STRUCTION. 425 pages, 
200 diagrams, pocket size, full 
leather limp, price, 


DESCRIPTIONS. 

800 pages, 225 illustrations, 

pocket size, full leather limp, 

price 

ELECTRICAL WIRING AND CONSTRUCTION 
TABLES. 112 pages, fully illustrated, pocket size, full 
leather limp, price 

PRACTICAL ARMATURE AND MAGNET WINDING 
252 pages, 128 illustrations, and tables, pocket size, full 
leather limp, price 

ELECTRICIANS’ OPERATING AND TESTING 
MANUAL, 346 pages, 211 illustrations and tables, 
pocket size, full leather limp, price 

MODERN ELECTRIC ILLUMINATION—THEORY and 
PRACTICE. 275 pages, fully illustrated, pocket size, full 
leather limp, price ’ 

DYNAMO TENDING FOR ENGINEERS or Electricity 
for Steam Engineers. 203 pages, 110 illustrations, and 
tables, 12mo, cloth, price 


Sent postpaid upon receipt of price 
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Seven Wonderful 


expert electricians, have prepared 
this entire set of Electrical Books 
to meet the needs of the beginner, 
the practical workman, and all who 


MODERN _ ELECTRICAL CON- 


MODERN WIRING DIAGRAMS 
AND 


$1.50 


$2.00 


FREDERICK J. DRAKE & CO. 


: PUBLISHERS 


CHICAGO, ILLINOIS 


A _ BOOK EVERY ENGINEER’ 4ND ELECTRICIAN 
SHOULD HAVE IN HIS POCKET. A COMPLETE 
ELECTRICAL REFERENCE LIBRARY IN ITSELF 


Ghe Handy Vest-Pocket 
ELECTRICAL 
DICTIONARY 


By WM. L. WEBER, M.E. 
ILLUSTRATED 


ONTAINS upwards of 4,800 words, 

OC terms and phrases employed in the 

electrical profession, with their 

definitions given in the most concise, 
lucid and comprehensive manner. 

The practical. business advantage 
and the educational benefit derived 
from the ability to at once understand 
the meaning of some term involvin 
the description, action or functions o 
a@ machine or apparatus, or the physi- 
cal nature and cause of certain phe- 
nomena, cannot be overestimated, and 
will not be, by the thoughtful assidu- 
ous and ambitious electrician, because 
he knows that a thorough understand- 
ing, on the spot, and in the presence 
of any Peete effected by the aid 
of his little vest-pocket book of refer- 
ence, is far more valuable and lasting. 
in its impression upon the mind, than 
any Memorandum which he might 
make at the time, with a view to the 
future consultation of some volumin- 
ous standard textbook, and which is 
more frequently neglected or forgotten 
than done. 

The book is of convenient size for 
garrying in the vest pocket, being onl: 
2% inches by 5% .nches, and % inc 
thick; 224 pages. illustrated, and 
bound in two different styles: 


Cloth, Red Edges, Indexed . . 25c 
Full Leather, Gold Edges, Indexed, 50c 


Sveld by vookseilers generally or eae postpaid to any address upon receipt 
of price. 


FREDERICK J. DRAKE & CO. 
PUBLISHERS 
CHICAGO. 8. 3 : ILLINOIS 






































JUST THE BOOK FOR BEGINNERS AND ELECTRICAL WORKERS 
WHOSE OPPORTUNITIES FOR GAINING INFORMATION ON 
THE BRANCHES OF ELECTRICITY HAVE BEEN LIMITED 


ELECTRICITY 


== Made Simple 
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By CLARK CARYL HASKINS 


A BOOK DEVOID OF 
TECHNICALITIES 


SIMPLE, PLAIN AND 
UNDERSTANDABLE 


There are many elementary books about 
electricity upon the market but this is 
the first one presenting the matter in 
such shape that the layman may under- 
stand it, and at the same time, not writ- 
ten in a childish manner. 


FOR ENGINEERS, DYNAMO MEN, 
FIREMEN, LINEMEN, WIREMEN AND 
LEARNERS. FOR STUVY OR 
REFERENCE. 


This little work is not intended for the instruction on experts, nor ag 
aguide for professors. The author has endeavored throughout the book 
to bring the matter down to the level of those whose opportunities for 
gaining information on the branches treated have been limited. 

Four chapters are devoted to Static Electricity; three each to Chemi- 
cal Batteries and Light and Power; two each to Terrestrial Magnetism 
and Electro-Magnetism; oneeach to Atmospheric Electricity; Lightnin, 
Rods; Electro-Chemistry; Applied Electro- Magnetism; Force, Wor! 
and Energy; Practical Application of Ohm’s Law; also a chapter upon 
Methods of Developing Electricity, other than Chemical. 

The large number of examples that are given to illustrate the practi- 
cal ees of elementary principles is gaining for it a reputation ag 
®@ text book for schools and colleges. 

In Pitas. this book an eminent electrician says of it : 

“All that 999 men out of 1000 want to know can be imparted in plain 

age and arithmetic. I therefore think that sucha book as yours 
is the kind that does the greatest good to the greatest number.”’ 


I2mo, Cloth, °233 Pages, 108 Illustrations 
PRICE Net $1.00 


For Sale by booksellers generally or sent postpaid to 
m address upon recelpt of price, - fae rid 


FREDERICK J. DRAKE & CO., Publishers 


CHICAGO, ILL. 
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ELEMENTARY ELECTRICITY 


UP TO DATE 
By SIDNEY AYLMER-SMALL, M. A. I. E. E. 


HIS book opens up the way for 
anyone who desires an accurate 
and complete knowledge of elec- 

tricity as a useful agent, in the hands. 
of man, for the transmission of me- 
chanical energy, and the creation of 
light. 

In addition to opening up the way 
as referred to above, the book also 
serves as a guide and instructor to the 
seeker after knowledge along these 
lines. 

Beginning in the form of a. simple 
catechism on the primary aspects of 
the subject it conducts the student by 
| easy stages through the various as- 
ina oI pects of static electricity, the different 

types of apparatus for producing it, 
all of which are plainly described and 
illustrated and their action made plain and easy of comprehension, 

Quite a large space is devoted to this important topic, although no. 
more thanis actually necessary, as the subjects of condensers and simple 
electrical machines are also thoroughly handled, and the principles. 
governing their action clearly explained and illustrated. The subject of 
atmospheric electricity is next dealt with, and lightning arresters treated 
upon, especially in their relation to electric power stations, sub-stations. 
and line wires. The wonderful and mysterious subject of magnetism 
is next treated upon at length and clearly explained—the explanations 
being accompanied by illustrations. 

Primary batteries of all types, storage batteries and the effects of elec- 
trolysis each and all receive a large share of attention. Electric circuits. 
and the laws governing the flow of current, including Ohm’s law, are all 
clearly explained. The student has now arrived at the point where 
electrical work, power and efficiency is the topic, and where the genera- 
ticn and transmission of electrical currents of high potential and large 
volume are explained. 























































































































































































































Sold by booksellers generally or sent postpaid to any address upon receipt of price, 
12mo. Cloth, 500 Pages, Fully Illustrated : Price, $1.25 


FREDERICK J. DRAKE & CO. 


PUBLISHERS : : : : CHICAGO, ILLINOIS 











OPERATORS’ WIRELESS TELEGRAPH 
AND TELEPHONE HAND-BOOK 


By VICTOR H. LAUGHTER 


P-TO-DATE and most com- 
plete treatise on the subject 
yet published. Gives thé 

historical work of early investi: 
ators on up to the present day 

escribes in detail the construc . 
; Bi \ h tion of an experimental wireless 

a . \\ \ set. How to wind spark coil and 

in \ dimensions of all size coils. The 

Ui : tuning of a wireless station is 

fully explained with points on 

the construction of the various 
instruments. 

A special chapter on thestudy 
of wireless telegraphy is given 
and the rules of the Naval sta- 
tions with all codes, abbrevia- 
tions, etc., and other matter in- 
teresting to one who takes up this study. 

The most difficult points have been explained in non- 
technical language soa can be understood by the layman. 
Wireless telephony is given several chapters and all the 
systems in use are shown with photographs and drawings. 

By some practical work and a close study of this treatise 
one can soon master all the details of wireless telegraphy. 
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Sold by booksellers generally or sent postpaid to any address upon receipt of price. 
12mo., Cloth, 210 Pages, Fully Illustrated, and with Six 
additional Full-Page Halftone Illustrations Showing the In- 
stallation of “Wireless” on the U.S. War Ships and Ocean 
Liners - - - - - . - - - $1.00 


FREDERICK J. DRAKE & CO. 


PUBLISHERS - - - + CHICAGO, ILLINOIS 


THE AUTOMOBILE HAND-BOOK 


OVER 200,000 SOLD 
By ELLIOTT BROOKES, Assissted by Other Well-Known Experts 


Revised and Enlarged New Edition—The lurgest and most practical 
work published. Used by all up-to-date automobile schools as 
their every-day text- over 720 pages and 
over 329 illustrations. Full Leather Limp, Round 
Corners, Red Edges. Price, $2.00. 


At the present time nearly all automobile 
troubles or breakdowns may, in almost 
every case, be traced to the lack of knowl- 
edge or carelessness of the owner or opera- 
tor of the car, rather than to the car itself, 

The automobile hand book is a work of 
Pp’ actical information for the use of owners, 
operators and automobile mechanics, giv- 
ing full and concise information on all 
questions relating to the construction, care 
and operat‘on of gasoline and electric auto- 
mobiles. including road troubles, motor 
troubles, .rbureter troubles, ignition 
troubles, battery troubles, clutch troubles, 
starting troubles. With numerous tables, 
useful rules and formula, wiring diagrams 
and over329illustrations. 

Special efforts have been put forth to 
treat the subjects of ignition, and igni- 
tion devices, in a manner befitting their 
imrortance. A large section has been 
devoted to t ese subjects, including bat- 
teries, primary and secondary, magnetos. 

carburators, spark plugs, and in fact all devices used in connection with 
the production of the spark. Power transmissio is thoroughly discussed, 
and the various systems of transmitting the power from the motor to the 
driving axle are analyzed and compared. 

The perusal of this work for afew minutes when troubles occur, will 
often not only save time, money, and worry, but give greater confidence 
in the car, with regard to its going qualities on the road, when properly 
and intelligently cared for. 


A WORD TO THE WISE 


The time is at hand when any person caring for and operating any 
kind of self-propelling vehicle in a public or private capacity, will have to 
undergo a rigid examination before a state board of examiners and secure 
a license before they can collect their salary or get employment, 

Already New York State has enacted such 2 law and before long, with 
a positive certainty every state in the Union will pass such an ordinance 
for the protection of life and property. 

Remember this is a brand new book from cover to cover, just rrom 
the press— New Edition—and must not be confounded with any former 
editions of this popular work. 


Sent prepaid to any address pon ‘eceipt of price 


FREDERICK J. DRAKE & CO., Publishers 
1325 Michigan Avenue. -~ + + CHICAGO, U.S.A. 











Easy Electrical Experiments | 


and How to Make Them 
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By L. P. DICKINSON 


This is the very latest and 


Sa valuable work on Electricity for the 


ew 


J XPERIM 3 a ie 
Ba ician amateur or practical Electrician pub, 
NOE 


lisned. It gives in a simple and 
easily understood language every 
thing you should know about Gal- 
vanometers, Batteries, Magnets, In- 
duction, Coils, Motors, Voltmeters, 
Dynamos, Storage Batteries, Simple 
and Practical Telephones, Telegraph 
Instruments, Rheostat, Condensers, Electrophorous, 
Resistance, Electro Plating, Electric Toy Making, ete. 

The book is an elementary hand book of - lessons, 
experiments and inventions. It is a hand book for 
beginners, though it includes, as well, examples for 


the advanced students. The author stands second to - 


none in the scientific world, and this exhaustive work 
will be found an invaluable assistant to either the 
6tudent or mechanic. 
Illustrated with hundred of fine drawings; printed 
On a superior quality of paper. 
$2mo Cloth. Price, $f 


Sent postpaid to any address upon receipt of pric 


“REDERICK J. DRAKE & CO., Publishers, 
CHICAGO, ILL. 


The Practical Gas & 
Oil Engine HAND-BooK 
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MANUAL of useful ine 

formation on the care, 

maintenance and repair of Gas 
and Oil Engines, 

This work gives full and 
clear instructions on all points 
relating to the care, mainte- 
nance and repair of Stationary, 
Portable and Marine, Gas and 
Oil Engines, including How to 
Start, How to Stop, How to Ad- 
just, How to Repair, How to 
Test. 

Pocket size, 4x6%. 

232 pages. With numerous 
rules and farmulas and dia- 
grams, and over7Oillustrations 
by L. Ettiotr Brooxgs, au- 
thor of the “Construction of a 
Gasoline Motor,’’ and the “Aus 
tomobile Hand-Book.” 

This book has been written 
with the intention of furnishing 
practical information regarding 


gas, gasoline and kerosene engines, for the use of owners, operators and 
others who may be interested in their construction, operation and mane 


agement. 


In treating the various subjects it has been the endeavor to avoid all 
technical matter as far as possible, and t@ present the information given 


in aclear and practical manner. 


16mo. Popular Edition—Cloth. 


Price........ Sabpaeetees $1.00 


Edition de Luxe—Full Leather Limp. Price... 


Sent Postpaid to any Address in the World upon Receipt of Price, 


FREDERICK J. DRAKE & CO. 


PUBLISHERS 








er es 


Twentieth Century 
Machine Shop Practice 


By L. ELLIOTT BROOKES 


The best and latest and most 
practical work published on mod- 
ern machine shop practice. This 
book is intended for the practical 
instruction of Machinists, Engin- 
eers and others who are interested 
in the use and operation of the 
machinery and machine tools ina 
modern machine shop. The first 
portion of the book is devoted to 
practical examples in Arithmetic, 
Decimal Fractions, Roots of Num- 
bers, Algebraic Signs and Symbols, 
Reciprocals and Logarithms of 
Numbers, Practical Geometry and 
and Mensuration. Also Applied 
Mechanics—which includes: The 
lever, The wheel and pinion, The 
pulley, The inclined planes, The 
wedge The, screw and Safety valve 
—Specific gravity and the velocity 
of falling bodies—Friction, Belt 
Pulleys and Gear wheels. 


Properties of steam, The Indi- 
cator, Horsepower and Electricity. 


Tha latter part of the book gives full and complete information 
upon the following subjects: Measuring devices, Machinists’ tools, 
Shop tools, Machine tools, Boring machines, Boring mills, Drill 
presses, Gear Cutting machines, Grinding Machines, Lathes and Mill- 
ing machines. Also auxiliary machine tools, Portable tools, Miscella- 
neous tools, Plain and Spiral Indexing machines, Notes on Steel, Gas 
furnaces, Shop talks, Shop kinks, Medical Aid and over Fifty tables. 


The book is profusely illustrated and shows views of the latest 
machinery and the most up-to-date and improved belt and motor- 
driven machine tools, with full information as to their use and opera- 
tion. It has been the object of the author to present the subject 
aie in this work in as simple and not technical manner as is 
possible, 


12mo, cloth, 636 pages, 456 fine illustrations, price, $2.00 


Sold by Booksellers generally, or sent aid to 
. any address upon receipt of Price by the Publishers 


FREDERICK J. DRAKE & CO. 
PUBLISHERS CHICAGO, U.S. A. 
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PRACTICAL BUNGALOWS 
AND COTTAGES FOR 
TOWN AND COUNTRY 


THIS BOOK CONTAINS PERSPECTIVE 
DRAWINGS AND FLOOR PLANS 


——————————————————————————————————————— 


Of one hundred and fifty low and medium priced 
houses ranging from four hundred to four thou- 
sand dollars each. Also thirty selected designs 
of bungalows for summer and country homes, 
furnishing the prospective builder withmany new 
and up-to-date ideas and suggestions in modern 
architecture. ; ; ° 3 5 ‘ ‘ ‘ 
The houses advertised in this book are entirely 
different in style from those shown in Hodgson’s 
Low Cost Homes. anes rie 4 . ats 


12 MO. CLOTH, 420 PAGES, 400 ILLUSTRATIONS 
PRICE, POSTPAID $1.00 


FREDERICK J. DRAKE & CO. 


CHICAGO 





 HODGSON’S | 
Low Cost American Homes 


Arranged and Edited by 
FRED T. HODGSON 
Architect 


This book contains perspective views 
and floor plans of one hundred houses, 
churches, school houses and barns, and is 
without a doubt the most practical work 
everissued. The plans shown have been 
built from, and many of them duplicated 
many times over. All are practical, 
the creation of the well-known author, 
pe gree ys other architects through- 
out the United States and Canada, and 
are alike valuable to builders and any on¢ 
who has in view the erection of a house, 
etc. The plans are susceptible of slight 
changes that will adapt them to any taste. 
The carpenter, remote from the city, 
needs just such a book to refer to, or te 
exhibit to his customer so that the latter 
can give his orders in an intelligible 
mmanner. The much desired economy on 
these structures is not, however, obtained 
at the expense of hbeauty—every one of the 
designs, even the very cheapest, is pleas: 
ing totheeye. Following the ideas lai@ 

down, the builder is sure to obtaina pretty result. Another result aimed 
at by Mr. Hodgson is the convenience of internal arrangements. Many 
a good house has been spoiled by ‘having the much needed closet room 
emitted. All this has been carefully studied by the practical and 
experienced architects who have.compiled this book, so the owner oF 
working builder who selects a design from this work will be sure te 
secure all the elegance, convenience and economy oe in the erection 
of the house. The publishers furnish perfect blue prints, including a 
book of specifications at the printed prices shown in the book. @ 
average price of blue prints and specifications is $5.00 per set, and they 
are just the same as plans which, if prepared especially by an architect 
would cost from $50.00 to $75.00. 


The book contains over 350 pages, nearly 325 illustrations, 
printed on a superior quality of machine finished 
paper, durably bound in English cloth with br 
unique design 


Price © @ e e @ $1.00 
FREDERICK J. DRAKE & CO., Publishers 


CHICAGO, ILL. 


To the many workmen who are purchasing the publications under the 
authorship of Fred T. Hodgson, and who we feel sure have been benefited 


' by his excellent treatises on many Carpentry and Building subje:ts, we 


desire to inform them that the following list of books have been published 


¢ 


PRACTICAL USES OF THE STEEL SQUARE, two volumes, over 500 
pages, including 100 perspective views and door plans of medium. 
priced houses. Cloth, two volumes, price $2.00. 


MODERN CARPENTRY AND JOINERY, 300 pages, including 50 house 
plans, perspective views and floor plans of medium and low-cost 
houses. Cloth, price $1.00. ‘ 


BUILDERS’ ARCHITECTURAL DRAWING SELF-TAUGHT, over 350 
pages. including 50 house plans. Cloth, price $2.00. 


MODERN ESTIMATOR AND CONTRACTORS’ GUIDE, for pricing build: 
ers’ work, 350 pages, including 50 house plans. Cloth, price $1.50, 


MODERN LOW-COST AMERICAN HOMES, over 200 pages. Cloth, pric 
$1.00. 


PRACTICAL UP-TO-DATE HARDWOOD FINISHER, over 300 pages. 
Cloth, price $1.00. 


COMMON SENSE STAIR BUILDING AND HANDRAILING, over 250 
pages, including perspective views and floor plans of 50 medium-priced 
houses. Cloth, price $1.00. 


STONEMASONS’ AND BRICKLAYERS’ GUIDE, over 200 pages. Cloth, 
price $1.50. 


PRACTICAL WOOD CARVING, over 200 pages. Cloth, price $1.50. 


Sold by booksellers generally, or sent, all charges paid, upon receipt of 
price, to any address in the world. 


FREDERICK J. DRAKE & CO. 
Publishers 
CHICAGO, : : :. 


























Concretes, Cements, 


Mortars, 
Plasters 


and 
Stuccos 


How to Make and 
How to gis ae 


Fred T. ‘Hodgson 


Jrehitect 


HIS is another of Mr. Hodgson’s practical works that appeals 
directly to the workman whose business it is to make and appl 
the materials named in the title. As far as it has been possible 

to avoid chemical descriptions of limes, cements and other materials, 
and theories of no value to the workman, such has been done, and 
nothing has been admitted into the pages of the work that does not 
possess a truly practical character. 

Concretes and cements have received special attentior, and the 
latest methods of making and using cement building blozks, laying 
cement sidewalks, putting in concrete foundations, making cement 
casts and ornaments, are discussed at length. Plasteriag and stucco 
work receive a fair share of consideration and the hest methods of 
making and using are described in the usual simple manner so 
characteristic of Mr. Hodgson’s style. The book contains a large 
number of illustrations of tools, appliances ane. methods employed 
in making and applying concretes, cements. mortars, plasters and 
stucco, which will greatly assist in making it easy for the student to 
follow and understand the text - 

520 pages fully illustrated, 


12 Mo. Cloth, . ..... . =. Price, $1.50 


Sold by Booksellers generally or sent postpaid to 
any address upon receipt of price by the Publishers 


Frederick J. Drake @ Co. 


PUBLISHERS CHICAGO, U. S. A. 





COMPLETE EXAMINATION. 
QUESTIONS AND ANSWERS 
‘FOR MARINE AND 
STATIONARY ENGINEERS 


By Calvin F. Swingle, M.E. Author of Swingle’s Twentieth 
Century Hand Book for Steam Engineers and Electricians. 
Modern Locomotive Engineering Handy Book, and 
Steam Boilers—Their construction, care and management 


@uis book is a compendium of 

useful knowledge, and prac- 
tical pointers, for all engineers, 
whether in the marine, or station- 
ary service. For busy men and for 
those who are not inclined to spend 
any more time at_study than is ab- 
solutely necessary, the book will 
prove arich mine from which they 
may draw nuggets of just the kind 
of information that they are look- 
ing for. 

The method pursued by the au- 
thor in the compilation of the work 
and in the arrangement of the sub- 
ject matter, is such that a manin 
search of any particular item of in- 
formation relative to the operation 
of his steam or electric plant, will 
experience no trouble in finding 
that particular item, and he will not 
be under the necessity of going 
over a couple of hundred pages, 
either, before he finds it because 
the matter is systematically ar- 
ranged and classified, 

The hook will be a valuable addition to any engineer’s library, not 
alone as aconvenient reference book, but also as a book for study. It 
also contains a complete chapter on refrigeration for engineers. 367 
pages fully illustrated, durably bound in full Persian Morocco limp, 
round corners, red edges. 


PRICE - - - - - $1.50 


glee 


I TOT eee 


Sold by Booksellers generally or sent postpaid to 
any address upon receipt of price by the Publishers 


FREDERICK J. DRAKE & CO. 


CHICAGO, U.S. A. 














ALL TECHNICAL TERMS AVOIDED 


—_—_—e 


TRLEGRAPHY SELF TAUGHT 


OOOO ___ 
A Complete Manual of Instruction 


®y THEO. A. EDISON, M. A., Instructor at the American School 
of Telegraphy. Illustrated. 


In this valuable volume will be 
found everything that is necessary 
to the study of telegraphy. Though 
telegraphy is essentially a matter of 
practice, it has been the aim of the 
author to present to those who 
aspire to master the art of teleg- 
raphy a book treating the subject in 
as concise and clear a manner as 
possible, without eliminating any- 
thing that is important, and without 
putting in things that are detri- 
mental, and which would have a 
tendency to confuse, 

There isno money-making occupa- 
tion which admits of greater advan- 
tages than Telegraphy. Telegraph 
operators are always in demand by 
railroad corporations, telegraph 

companies, newspaper offices, etc. 

Thisis the latest, most concise, authentic, and altogether 
the best book on the subject published. Everything is treated 
in a clear, concise manner; explains all about the batteries, 
operating keys, Morse Code, Block Signals, commercial messages, 
earth asa conductor; how to count the words in a message, 
order of transmission, provision, grain and stock abbreviations. 
Railroad rules for telegraph cperators and movement of trains 
by telegraphic orders. Train order form, numerals,*sentences 
used in railroad and commercial telegraphy, definitions, etc., 
also contains unsurpassed essays on electricity, illustrating in a 
simple manner how it is adapted to the different instruments 
and its function as applied to the telegraph. 
12Mo Cloth, illustrated, price $1.00 


Frederick J. Drake & Co. 


PUBLISHERS CHICAGO 





The Up-to-date Electro- 
plating Hand- Book 


A MANUAL of useful information for platers and others who wish to 

become acquainted with the practical art of the electro-deposition 
of meiais and their alloys, including Eiectro-deposition of Meials, Electro-« 
deposition of Alioys, Electroplating Dynamos, Electropiating Solutions, 
Biectropiating Apparatus. 

This book has been writien 
to meet the requirements of 
platers desiring a practical and 
yet non-technicai work on elec: 
troplating, . The information 
given therein has been ob- 
tained from platers of practical 
experience, and the construc- 
tion and operation of the differ- 
ent devices used in the electro- 
deposition of metals are fully 
described and illustrated. 

Pocket size, 4x 6%. 200 
pages and over 50 illustrations, 
With numerous tables and use- 
ful formulas, by JAmes H, 
Weston, M.E., illusirated by 
L. ELtiott Brookes. 
16mo. Popular Edition. 

Full cloth, 

Price net, $1.00 
Edition de Luxe. Fuil 
leather limp. 
Price net, $7:50 


Sent Postpald to any Address In the World upon Receipt of Price 


FREDERICK J. DRAKE & CO 


PUBLISHERS 
CHICAGO, ILLINOIS. 








The Calculation of Horse 
Power Made Easy :: : 


By L. ELLIOTT BROOKES 


Author of “Gas and Oil Engine Hand-Book,” 
“The Automobile Hand-Book,” Etc. 


Size, 5x724. 80 Pages, Illustrated. Cloth, 75 Cents 


HIS work deals in a practical and nom 
technical manner with the calculation 
of the power of Steam Engines, *Explo- 

sive and Electric Motors. 

Particular attention has been given to the 
full explanation of the elementary principles 
upon which the calculations are based. 

It has been the endeavor to present in as 
simple a manner as is possible, a number of 
useful rules and formulas that may be of 
great value to ENGINEERS, MACHINISTS and 
DESIGNERS in calculating horse power. 

Rules for plotting steam engine diagrams 
by arithmetical, geometrical and graphical 
methods are given and fully explained, alse 
the method used in plotting the diagram of 
an explosive motor. 

This work covers many points regardint 
the calculation of horse power and useful 
information not hitherto published in a single 

volume, and includes Calculated, Brake and Indicated horse power, vane of 
cut-off and average steam pressure, Horse Power of Explosive Motors, a 
of Compression and Combustion Chamber Dimensions, Indicator Diagrams 0 

Steam Engines and Explosive Motors, also tables of Average Steam ee 
Areas of Circles, Squares of Diameters of Circles, Natural Logarithms o oe 
bers, Thermo-dynamic Properties of Gasoline and Air, Common Logarithms 
of Numbers. and Mensuration of Surface and Volume. 


he term “‘ Explosive Motor” includes Gas, Gasoline and Oil Engines. 


_ 


SENT POSTPAID TO ANY ADDRESS IN 
THE WORLD UPON RECEIPT OF PRICE 


FREDERICK J. DRAKE & CO. 


PUBLISHERS 
CHICAGO, ILL. 





Picture Making for 


Pleasureand Profit 
- By T. STITH BALDWIN 


The work is a treatise on the 
_ Modern Processes of Photography 


As a tuxt book for the beginner, the advanced Amateur and 
the Professional it is complete in every essential. Every divis- 
ion of the fascinating art of picture-taking has been treated in 

a most. thorough and pleasing manner. 
From the pages of the book the novice ac- 
quires necessary information of the Appar- 
atus required, the comparative value of 
Kodaks, Hand Cameras and Viewing Cam- 
eras. The choice of dry plates or films. 
Likewise a knowledge of the Composition, 
Lighting and Exposing in Landscape, In- 
terior, Home Portraiture and Flash Light 
Photography; Development and Comple- 
tion of the Negative, and Toning, Fixing 
and Finishing of prints on miscellaneous 
papers. ‘The needs of the advanced worker and Professional 
are cared for in chapters on Correct Lighting in Studio Por- 
traiture, Copying, Enlarging and Reducing; Stereoscopic 
Photography, X-Rays and their Uses, Moving Picture Ma- 
chines and Motion Photography; and in most complete chap- 
ters upon Platinum, Carbon, Bromide Printing Processes, the 
Gum Bichromate Process, Lantern Slide and Transparency 
Making Bromide Enlargements, and the Salting and Sensitiz- 
ing of plain papers. 

Together with these is given a mass of useful Formula and 
hints on avoidance of the usual pitfals which beset the path- 
way of the photographic enthusiast. 

The book is most beautifully illustrated by more than one 
hundred engravings. 


12Mo Cloth with Special Designs in Gold, including a beautiful 
Photogravure on outside cover in gold frame; Price, $1.25. 


Sent postpaid to any address upon receipt of price. 


Frederick J. Drake & Co.. Publishers 
CHICAGO, ILL. 

















7 Frederick J. Drake & Company’s 


CATALOGUE OF 


Standard Up-to-Date Hand Books on 
the following Subjects: 


Dialogues, Recitations, Tableaux, 
Charades, Pantomimes, Mock Trials, 
Monologues, Drills, Marches, Minstrel 
and Entertainment Books, Magic, 
Palmistry, Hypnotism, Black Art, 
Electricity, Speakers, Poultry, 
Letter Writers, Dream Books, 
Fortune Tellers, Popular Dramas, 
Photography, Etiquette, Dancing, 
Etc., Etc., Etc., Ete. 





Each book in this list is the work of a coms 
petent specialist, and will be found reliable, 
practical and thoroughly up-to-date. 





Any Book Advertised in This Catalogue Sent 
Postpaid, on Receipt of Price. 
WREDERICK J.DRAKE & CO. 





